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ABSTRACT 


Root  profiles  of  11  Boreal  Mixedwood  forest  stands  were 
examined  in  an  attempt  to  improve  our  knowledge  of  northern 
forest  ecosystems.  These  stands  formed  4  distinctive 
successional  sequences  based  on  differences  in  vegetation 
composition  and  substrate  characteristics:  a  Jack  Pine 
( Pinus  banks i ana  Lamb.),  2  Aspen  ( Populus  tremuloides 
Mi chx . ) ,  and  a  Black  Spruce  ( Picea  mariana  (Mill.)  BSP.) 
Series.  The  Jack  Pine  and  first  Aspen  Series  occurred  on 
well-drained  aeolian  sand  deposits  with  Eutric  Brunisolic 
soils;  the  Black  Spruce  Series  occupied  poorly  drained, 
organic  filled,  inter-dunal  depressions;  the  second  Aspen 
Series  occurred  on  clay  loam  morainal  deposits  with  Gray 
Luvisolic  soils.  Stand  ages  ranged  from  19  to  177  years. 

Roots  were  concentrated  in  the  upper  2  dm  of  the 
rooting  zone  in  all  stands.  Densities  ranged  from  11,000  to 
30,000/m2  of  vertical  soil  surface.  Many  of  these  roots 
were  located  within  the  litter  layers  of  the  soil  and 
decreased  in  number  with  increasing  depth  at  an  exponential 
rate.  This  near-surface  location  appears  to  provide  the 
most  favorable  combination  of  soil  temperature,  nutrients, 
and  moisture  for  many  vascular  plants.  Rooting  depth  was 
greatest  in  sandy  soil  and  shallowest  on  organic  soils. 

Some  deep-rooted  species,  such  as. balsam  fir  (Abies  bal samea 
(L.)  Mill.),  aspen,  and  jack  pine,  were  able  to  tap  deep 


. 


* 


ground  water. 


In  1982,  plant  water  potentials  in  the  various  forest 
stands  decreased  during  late  May  and  June  from  their  spring 
high.  With  increased  precipitation  in  July,  plant  and  soil 
water  potentials  became  less  negative.  Shallow-rooted 
ericaceous  and/or  evergreen  species  such  as  Vaccinium  spp. 
and  Pyrol a  asarifol ia  Michx.  had  the  widest  range  of  water 
potential  during  summer,  whereas  deep-rooted  species  such  as 
A 1 nus  cr i spa  (Ait.)  Pursh  had  the  narrowest  range  of  values. 
White  spruce  ( Picea  glauca  (Moench)  Voss)  was  an  exception. 
Despite  its  shallow-rooting,  it  had  plant  water  potentials 
similar  to  A1 nus .  A  correlation  of  plant  and  soil  water 
potentials  indicated  that  most  boreal  plants  depend  upon 
moisture  from  near  the  ground  surface.  The  variation  in 
rooting  depths  among  species  is  thought  to  represent  a  niche 
partitioning  mechanism. 

An  analysis  of  root  density  and  soil  nutrients 
indicated  that  root  densities  were  most  strongly  correlated 
with  the  distribution  of  phosphorus.  This  suggests  that 
phosphorus  may  be  a  limiting  factor  to  biological 
productivity  in  the  study  area.  Organic  matter,  ammonium, 
nitrate,  sulfur,  and  soil  water-holding  capacity  were 
significantly  correlated  ( P< 0.01)  with  each  other  but  only 
with  root  density  in  serai  aspen  communities. 
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Successional  changes  occur  below  as  well  as 
above-ground.  For  example,  increased  white  spruce  content 
in  aspen  and  jack  pine  stands  results  in  changing  litter 
composition,  microclimatic  conditions,  root  position,  and 
moss  cover.  The  development  of  a  moss  cover  is  thought  to 
play  a  significant  role  in  the  successional  process  by 
restricting  the  flow  of  nutrients  and  water  to  the  roots  of 
serai  species.  The  preemptive  growth  of  white  spruce  roots 
into  the  moss  layer  and  above  aspen  roots  further  reduces 
the  flow  of  nutrients  downward  to  serai  species.  Such 
nutrient  deprivation  promotes  the  senescence  of  the  serai 
species  while  fostering  the  growth  of  climax  species.  This 
moss  buildup  may  also  represent  a  mechanism  for  regulating 
and  stabilizing  the  internal  cycling  of  nutrients  in  boreal 
forest  ecosystems. 

In  addition  to  the  below-ground  niche  partitioning  of 
serai  and  climax  species,  separations  occur  amongst 
co-existing  climax  species  (e.g.,  white  spruce  and  balsam 


fir). 
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CHAPTER  I 


INTRODUCTION 


Northern  Alberta  is  predominantly  a  forested  landscape 
which  can  be  divided  into  several  ecologically  distinct 
units.  The  largest  unit  is  the  Boreal  Mixedwood  Ecoregion 
(Strong  and  Leggat  1981),  which  composes  40%  of  the  land 
area  in  the  province.  Boreal  Mixedwood  vegetation  extends 
from  the  eastern  edge  of  British  Columbia  to  the 
southwestern  corner  of  Manitoba;  however,  the  greatest  areal 
extent  occurs  in  Alberta  (Rowe  1972). 

Published  accounts  of  research  on  the  vegetation 
ecology  of  this  area  are  limited,  despite  its  vast  size. 

Work  by  Halliday  and  Brown  (1943),  Moss  (1953a, b;  1955),  and 
Rowe  (1956)  were  the  most  comprehensive  studies  available 
prior  to  the  1960's.  During  the  last  decade,  as  a  response 
to  resource  development  activities,  research  interests  have 
increased  in  the  Boreal  Mixedwood  area.  This  work  has  been 
primarily  concentrated  in  the  agricultural  fringe  (e.g., 
Alberta  Energy  and  Natural  Resource  ecological  inventories), 
tar  sands  (Stringer  1976,  Peterson  and  Levinsohn  1977,  Hardy 
and  Associates  1978),  and  Peace~Athabasca  Delta  areas 
(Dirschl,  Dabbs  and  Gentle  1972).  Unfortunately,  much  of 
this  ecological  work  has  an  inventory  orientation. 
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Vegetation  ecology  usually  employs  a  variety  of 
traditional  plant  and  soil  sampling  techniques  in 
combination  with  synthetic  methods  such  as  ordination, 
these  data  interpretations  are  made  regarding  the 
relationship  between  plants  and  their  below-ground 
environment.  Such  an  approach  assumes  homogeneity  in 
substrate  and  biological  response,  i.e.  vertical  variations 
in  root  distributions  and  soil  conditions  are  overlooked. 

It  is  difficult  from  this  approach  to  determine  which 
edaphic  factors  plants  are  responding.  If  the  distribution 
of  roots  was  known,  a  more  comprehensive  interpretation  of 
plant/ edaphic  relationships  could  be  made.  Without  this 
information  a  more  complete  understanding  of  boreal  forest 
ecosystems  will  be  tenuous. 

The  existing  literature  does  not  indicate  precisely 
where,  in  the  soil,  boreal  plant  communities  obtain  moisture 
and  nutrients  via  roots.  Also,  it  is  not  known  whether 
understory  plants  utilize  the  same  or  different  soil 
horizons  as  trees,  nor  have  any  studies  been  found  which 
deal  directly  with  forest  community  rooting.  Historically, 
forest  root  studies  have  dealt  with  the  habits  and  patterns 
of  trees  (e.g.,  Cheyney  1929,  1932;  Bannan  1940;  LeBarron 
1945;  Horton  1958;  Jeffrey  1959;  Yeatman  1955;  Eis  1970, 

1974,  1978).  More  recent  studies  have  taken  a  more 
analytical  approach  to  these  studies.  For  instance,.  Keyes 
and  Grier  (1982)  compared  the  above-  and  below-ground 
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productivity,  of  Pseudotsuga  menziesi i  relative  to  site 
capability,  while  St.  John  (1983)  experimentally  tested  the 
concept  of  "nutrient  tropism"  by  roots.  Although  most 
ecological  root  studies  have  dealt  with  trees,  some  research 
has  been  directed  towards  understory  species  (e.g.,  Cheyney 
1928;  Berndt  and  Gibbons  1958;  Holloway  and  Zasada  1979; 
Calmes  and  Zasada  1982). 

Three  hypotheses  were  developed  during  the  early  stages 
of  this  research  as  basis  for  testing  the  relationship 
between  plant  community  development  and  root  distributions: 

Hypothesis  1  -  The  root  distribution  pattern  of  boreal 
forest  communities  is  correlated  with  serai  stage  as  based 
on  stand  age. 

Hypothesis  2  -  The  distribution  and  development  of  upland 
forest  commun i t i es  i s  pr i mar i 1 y  cor re  1 ated  w i th  so i 1 
mo i sture  ava  i  labil i ty . 

Hypothesis  3  -Boreal  Mixedwood  understory  plants  primarily 
extract  soil  moisture  from  the  upper  (e.g.,  60  cm)  portion 
of  the  rooting  zone  on  both  organic  and  minerals  soils. 

In  addition  to  testing  the  stated  hypotheses,  the 
general  aim  of  this  dissertation  is  to  determine  the 
relationship  between  root  systems  and  their  below-ground 
environment;  and  more  specifically  to  (i)  determine  the 
relationships  between  plant  community  rooting  depth  and 
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stand  age,  (ii)  determine  the  general  rooting  pattern  of 
several  common  boreal  forest  tree  species  under  different 
site  conditions  and  the  potential  importance  of  these 
rooting  patterns  in  community  development,  (iii)  determine 
the  relationships  between  root  distribution,  soil  moisture, 
and  plant  water  potentials,  and  (iv)  determine  the 
relationships  between  root  distribution  and  soil  nutrients 
and  other  edaphic  conditions.  These  relationships  will  be 
interpreted  for  their  significance  in  boreal  forest 
community  ecology  as  well  as  in  succession.  Furthermore, 
the  data  from  this  work  will  be  used  to  generate  new 
hypotheses  about  the  role  of  below-ground  components  of 
vascular  plants  in  boreal  ecosystems. 


CHAPTER  II 


ROOTING  DEPTHS  AND  SUCCESSIONAL  DEVELOPMENT  OF  SELECTED 

BOREAL  FOREST  COMMUNITIES1 


ABSTRACT  2 


The  root  density  and  depth  patterns  of  four  boreal 
forest  age  sequences  were  analyzed  for  successional  trends. 
Rooting  depths  increased  with  age  on  sandy  substrates  which 
supported  aspen  ( Populus  tremuloides  Michx.)  and  jack  pine 
{Pinus  banksiana  Lamb.)  communities.  Rooting  depth  did  not 
change  in  an  aspen  series  on  fine-textured  substrates  or  in 
a  black  spruce  ( Picea  mariana  (Mill.)  BSP.)  series  growing 
on  organic  substrates.  Plant  communities  growing  on  mineral 
soils  showed  a  decrease  in  near-surface  root  densities  and 
understory  vascular  plant  cover  with  increasing  age. 

Maximum  rooting  was  deepest  on  sandy  substrates  and 
shallowest  on  organic  deposits.  Roots  in  all  stands  were 
concentrated  near  the  ground  surface.  In  most  cases  50 
percent  of  all  roots  were  located  within  15  cm  of  the  forest 
floor.  Root  densities  in  this  zone  ranged  from  11,000  to 
30,000  roots  m-2  of  vertical  surface.  Densities  were 
approximately  4,300  roots  m- 2  for  the  overall  rooting  zone. 

1  Reproduced  by  permission  of  the  National  Research  Council 
of  Canada  from  Canadian  Journal  of  Forest  Research,  Volume 
13,  1983.  pp.  577-588. 

2[  ]  represent  additions  to  the  text  relative  to  the 
published  version. 
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INTRODUCTION 


Synecological  studies  are  concerned  with  the 
relationship  between  plant  communities  and  their 
environments.  Typically,  species  and  edaphic  data  are 
collected  separately  during  field  sampling.  Edaphic  data 
such  as  parent  material,  drainage,  topographic,  and  soil 
characterist ics  are  interpreted  to  elucidate  plant-edaphic 
relationships.  However,  the  plant-edaphic  interface  is 
seldom  examined  in  natural  communities  and  it  is  commonly 
assumed  that  plants  respond  to  the  overall  conditions  of  th 
site.  If  this  interface  was  studied,  plant  rooting  systems 
would  be  the  logical  starting  point  because  they  integrate 
vascular  plants  into  the  subterrestrial  environment. 

Historically,  most  studies  dealing  with  rooting  habits 
and  patterns  have  been  autecologically  oriented  (e.g., 
Cheyney  1928,  1932;  Bannan  1940;  Wagg  1967;  Eis  1970,  1974; 
Keyes  and  Grier  1981;  Vogt  et  al .  1982),  conducted  in 
grassland  environments  (e.g.,  Coupland  and  Johnson  1965; 
Weaver  1968),  and/or  related  to  agricultural  crops  (e.g., 
Gist  and  Smith  1948).  In  particular,  rooting  studies  have 
been  largely  neglected  in  ecological  studies  of  boreal 
forest  communities.  Without  rooting  studies,  postulated 
relationships  between  plant  communities  and  their 
environments  cannot  be  rigorously  tested. 


. 


f,'J 


The  objectives  of  this  paper  are  to  (1)  describe  the 
root  distribution  patterns  of  11  boreal  forest  stands  in 
terms  of  depth  and  density,  and  (2)  relate  rooting  depth  to 
successional  development.  Future  reports  by  the  authors 
will  involve  a  more  detailed  consideration  of  roots  and 
their  edaphic  environment.  Hopefully,  this  research  will 
stimulate  further  work  on  the  subterrestrial  relationships 
of  boreal  ecosystems. 

Herein,  "root"  is  broadly  defined  to  include  true 
morphological  roots,  rhizomes  and  other  below-ground 
conduction,  support,  and  storage  structures.  This  broad 
definition  was  necessary  due  to  the  difficulty  of  separating 
and  identifying  species  by  their  below-ground  root 
structures . 


STUDY  AREA 

The  study  area  is  located  in  central  Alberta 
approximately  175  km  north  of  Edmonton  and  55  km  southeast 
of  Lesser  Slave  Lake  (Figure  1).  As  mapped  by  Strong  and 
Leggat  (1981),  the  area  occurs  within  the  Boreal  Mixedwood 
Ecoregion.  This  climatic  region  is  characterized  by  a 
maximum  mean  monthly  temperature  of  15.7°C  in  July  and  a 
minimum  of  -18..7°C  in  January  based  on  the  Slave  Lake 
meteorological  station  (Anonymous  1982b).  Precipitation 
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Figure  1 


Location  of  Study  Area 


averages  475  mm  per  year  with  peak  rainfall  in  July.  This 
boreal  climate  is  classified  as  Dfc  (Subarctic, 
microthermal ,  humid,  snow  forest)  under  the  Koeppen  climatic 
classification  system  (Critchfield  1966).  La  Roi  and 
Ostafichuk  (1984)  should  be  consulted  for  a  more  detailed 
review  of  macro-climatic  conditions  in  the  study  area. 

Moderately  well-drained,  medium-textured  soils  of  the 

Boreal  Mixedwood  climatic  regime  support  forest  vegetation 

dominated  by  aspen  ( Populus  tremuloides  Michx.),  balsam 

poplar  (P.  bal samifera  L.),  and  white  spruce  ( Picea  glauca 

(Moench)  Voss).3  The  abundance  of  the  latter  species  is 

strongly  influenced  by  local  fire  history  and  seed 

availability.  Gray  Luvisolic  soils  typically  develop 

beneath  this  type  of  boreal  vegetation.4  Submesic  sites 

support  aspen  communities  with  a  small  jack  pine  ( Pinus 

banksiana  Lamb.)  component  and  soils  of  the  Eutric  Brunisol 

Great  Group.  Xeric  sites  are  dominated  by  jack  pine  stands. 

Soils  are  sandy  and  Eutric  Brunisols.  Poor  to  very  poorly 

drained  sites  are  dominated  by  black  spruce  ( Picea  mariana 

(Mill.)  BSP.)  with  scattered  larch  ( Larix  laricina  (Du  Roi) 

K.  Kock).  Such  sites  occur  in  topographic  depressions  where 

the  water  table  occurs  within  a  few  dm  of  the  ground 

surface.  Most  black  spruce  sites  have  poorly  aerated  soils 

formed  from  the  accumulation  of  organic  debris  that  is  >50 

3Vascular  plant  taxonomy  follows  Moss  (1959). 

4Soil  taxonomy  follows  that  developed  by  the  Canada  Soil 
Survey  Committee  (Anonymous  1978). 
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cm  thick.  Organic  and  Gleysolic  soils  predominate  under 
these  conditions.  Strong  and  La  Roi  (1984)  should  be 
consulted  for  a  more  comprehensive  description  of  soils. 

The  topography  is  gently  rolling  throughout  the  area. 
Stabilized  late-glacial  aeolian  deposits  in  the  form  of 
rolling  plains  and  sand  dunes  dominate  the  southern  sector 
of  the  study  area,  while  shallow  outwash  (20-30  cm)  overlies 
medium-textured  morainal  deposits  in  the  northern  sector. 

Post-establishment  perturbations  appear  to  have  been 
minimal  within  the  stands  under  study.  However,  influences 
from  herbivores,  fire,  and  human  activities  are  common  in 
the  study  area.  Fire  has  influenced  both  the  age  structure 
and  species  composition  of  the  present  vegetation.  The  most 
recent  fires  were  during  the  early  1940Ts. 

All  except  one  of  the  eleven  stands  selected  for  study 
appear  to  have  originated  after  significant  fires;  Stand  11 
developed  on  the  edge  of  a  highway  borrow  pit  which  was 
stripped  of  vegetation  approximately  22  years  ago,  possibly 
by  bulldozers.  Examination  of  its  soil  profile  suggested 
that  disturbance  was  limited  to  the  vegetation  and  surface 
litter  layers. 
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METHODS 


The  eleven  forest  stands  selected  for  study  are  thought 
to  represent  different  developmental  stages  along  four 
successional  sequences  (seres),  but  the  relationship  between 
stand  age  and  degree  of  development  may  not  necessarily  be 
proportional.  Table  1  summarizes  selected  characteristics 
of  each  site. 

Stands  were  sampled  with  nested  quadrats.  Tree  cover 
and  composition  were  estimated  from  a  20x50  m  macroplot. 
Understory  vegetation  was  estimated  from  seven  randomly 
selected  5x5  m  subplots  from  the  20  available  in  each 
gridded  macroplot.  The  species  composition,  cover,  and 
stratification  of  the  understory  vegetation  >0.3  m  in  height 
was  tallied  from  each  subplot.  Cover  estimates  were  made 
for  species  <0.3  m  in  height  in  a  2x2  m  quadrat  placed  in 
the  center  of  each  subplot.  The  vegetation  data  given  in 
Table  2  are  averages  from  the  seven  subplots.  All  samples 
were  taken  during  the  main  growing  season,  late  June  through 
early  August  of  1981  or  1982. 

A  soil  pit  was  dug  in  the  center  of  each  of  the  seven 
subplots  to  a  minimum  depth  of  1.25  m.  Due  to  a  high  water 
table  in  Stands  7  and  8,  it  was  necessary  to  remove  intact 
sections  of  soil  profiles  from  the  pits  rather  than  attempt 
to  work  in  the  hole  as  was  done  in  other  stands.  Each  pit 
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In  both  the  Pine-  and  Aspen/sand  Series, 
made  with  a  clinometer. 


was  pedologically  described  and  classified.  After 
excavation  one  face  of  the  pit  was  smoothed  with  a  knife  and 
washed  with  a  low-pressure  water  sprayer.  This  technique 
exposed  root  ends  which  allowed  easier  counting.  Root 
counting  was  facilitated  by  the  use  of  a  1.25x0.2  m  counting 
frame  composed  of  a  matrix  of  200  cells,  each  2.5x5  cm. 

This  sampling  design  is  similar  to  that  described  by  Bohm 
(1979),  except  individual  cells  were  half  as  deep, 
permitting  greater  vertical  definition.  By  placing  the 
counting  matrix  vertically  against  the  pit  face,  it  was 
possible  to  determine  the  number  of  roots  in  each  row  of 
cells  as  the  soil  profile  was  descended. 

RESULTS 


Stand  Description 

Four  stands  (1,2, 3, 4)  were  recognized  as  members  of  a 
jack  pine  successional  sequence  on  sand.  These  stands 
ranged  from  40  to  170  years  in  age.  The  younger  stands  (1 
and  2)  were  characterized  by  an  open-canopied  jack  pine 
forest  and  an  understory  dominated  by  Arctostaphyl os 
uva-ursi  (L.)  Spreng.  and  Cladina  mitis  (Sandst.)  Hale  & 
Culb.  (Table  2). 5  Trees  were  uneven-aged  and  had  a  clumped 

5 Lichen  taxonomy  follows  Bird  (1970)  and  bryophyte  taxonomy 
follows  Ireland  et  a/.  (1980). 
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distribution.  These  two  stands  were  similar  in  composition 
and  were  not  distinctly  different  except  in  terms  of  age. 
Stand  3  of  this  series  had  a  more  evenly  distributed  tree 
stratum  than  those  of  Stands  1  and  2.  A1 nus  cr i spa  (Ait.) 
Pursh  and  Pleurozium  schreberi  (Brid.)  Mitt,  dominated  the 
understory.  Stand  4  represents  a  plant  community  in  the 
late  (i.e.  subclimax)  stage  of  succession,  with  balsam  fir 
and  white  spruce  co~dominat ing  the  mult i— layered  overstory. 
Mosses  constituted  80%  of  the  total  understory  vegetation 
cover,  with  balsam  fir  the  main  component  of  the  remaining 
20%  cover.  Based  on  tree  ring  counts,  this  stand  appears  to 
have  originated  around  1810.  During  its  early  stages  of 
development  the  stand  appears  to  have  been  co-dominated  by 
aspen  and  jack  pine.  However,  it  is  not  clear  which  species 
had  the  greater  cover  because  most  specimens  of  the  original 
stand  have  long  since  disappeared.  Scattered  remnants  can 
be  found  of  both  species,  but  jack  pine  is  more  abundant  at 
present.  This  may  be  in  part  explained  by  its  somewhat 
longer  life  expectancy  (Harlow  and  Harrar  1968)  and  better 
health.  A  comparison  of  understory  floristics  suggests  that 
Stand  4  is  at  present  more  closely  aligned  with  the 
Aspen/Sand  than  the  Jack  Pine  series.  Stand  4  could 
represent  a  convergent,  late  successional  product  of  both 
series  due  to  the  similarities  of  site  conditions.  For 
these  reasons  Stand  4  is  considered  a  member  of  both  the 
aspen  and  pine  series  on  sand. 
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Three  stands  (10,9,4)  composed  the  aspen  successional 
sequence  on  sand.  Aspen  dominated  the  vegetation  of  Stands 
9  and  10,  and  formed  closed-canopy  forests.  These  stands 
ranged  from  40  to  170  years  in  age.  Subdominant  white 
spruce  occurred  sporadically  throughout  Stand  9,  but  only  in 
the  tall  herb  layer  (0. 1-0.3  m)  of  the  younger  aspen  stand 
(10).  The  understory  vegetation  was  more  diverse  than  that 
found  in  the  Jack  Pine  series  (Table  2) ,  Herbaceous  species 
were  more  abundant  and  shrubs  such  as  Prunus  pensylvan ica 
L.f.,  Amel anch i er  alnifolia  Nutt.,  and  Rosa  acicularis 
Lindl.  were  >1  m  tall.  In  the  Jack  Pine  series  these  shrubs 
were  dwarfed. 

The  aspen  and  pine  sequences  developed  on 
sandy-textured  aeolian  deposits  (>2  m  deep)  which  overlay 
beach  deposits  of  a  glacial  lake  (St.  Onge  1972).  Soils 
were  Orthic  and  Eluviated  Eutric  Brunisols,  except  in  Stand 
4,  where  they  graded  from  Eluviated  Eutric  Brunisols  to 
Brunisolic  Gray  Luvisols.  All  six  sites  were  considered 
well-drained  as  defined  by  the  National  Soil  Survey 
Committee  (Anonymous  1974). 

Aspen  communities  were  more  common  on  f ine-textured 
substrates  than  on  sand.  Three  stands  (11,5,6)  were  found 
that  represent  a  successional  sequence  from  closed-canopied 
aspen  (Stand  11)  to  aspen  with  a  subdominant  white  spruce 
stratum  (Stand  5)  to  open-canopy  white  spruce  with  remnant 


aspen  (Stand  6).  These  stands  ranged  in  age  from  19  to  115 
years.  Stand  11  had  an  understory  species  composition 
dominated  by  herbs  such  as  Cal amagrost i s  canadensis  (Michx.) 
Beauv. ,  Aral ia  nudicaul is  L. ,  and  Rubus  pubescens 
Raf.  (Table  2).  The  understory  vegetation  of  Stand  5  was 
less  diverse  than  Stand  11.  However,  diversity  was  higher 
in  Stand  6  as  canopy  openings  were  created  by  the  toppling 
of  decadent  aspen  and  occasional  white  spruce.  Evergreen 
vascular  species  and  mosses  were  much  more  abundant  in  Stand 
6  than  in  the  other  two  stands. 

The  parent  materials  of  these  three  sites  were  complex 
due  to  erosion  by  glacial  meltwaters  and  subsequent 
deposition  of  sandy  loams  over  the  pre-existing  sandy  clay 
loam  moraine  deposits.  Numerous  cobbles  occurred  between 
the  two  deposits.  Outwash  deposits  averaged  approximately 
20  cm  thick  on  the  three  sites.  Soil  classification  and 
analysis  were  difficult,  due  to  the  heterogeneity  of  the 
parent  materials.  Orthic  and  Gleyed  Gray  Luvisols  were  most 
common  on  these  sites. 

Stands  7  and  8  were  black  spruce  communities  that 
occurred  in  poorly  drained  inter-dunal  depressions.  As  a 
result  of  the  impeded  drainage,  these  depressions  had 
organic  accumulations  of  varying  thickness  and  degree  of 
decomposition . 
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Stand  7  was  both  f lor ist ically  and  topographically 
diverse.  Black  spruce  was  the  dominant  tree  species, 
although  it  seldom  exceeded  eight  meters  in  height.  Carex 
spp.  and  mosses  composed  the  majority  of  the  understory 
vegetation  cover.  Numerous  species  with  low  cover 
contributed  to  the  relatively  high  diversity  of  this  stand. 
Topographic  diversity  occurred  in  the  form  of  alternating 
hummocks  and  hollows.  The  water  table  was  within  10-30  cm 
of  the  ground  surface  in  the  depressional  areas  throughout 
most  of  the  year.  Soils  were  Terric  Mesisols  which  had  an 
organic  accumulation  of  approximately  190  cm. 

Stand  8  was  markedly  different  from  7.  The  vegetation 
was  appprox imately  120  years  old  and  at. a  late  successional 
stage.  While  black  spruce  formed  the  overstory,  Ledum 
groenland icum  Oeder  and  a  carpet  of  Pleurozium  schreber i 
dominated  the  understory.  The  soils  associated  with  this 
site  were  classified  as  Terric  Humisols  and  Orthic  Gleysols 
The  organic  debris  accumulation  ranged  from  25  to  75  cm. 
Water  was  commonly  within  20  cm  of  the  ground  surface  durin 
most  of  the  year;  however,  fluctuations  in  this  water  level 
may  be  greater  than  those  of  Stand  7.  Both  Stand  7  and  8 
had  fibric  soil  surface  horizons  (10-20  cm)  and  occurred 
above  mesic  horizons.  The  mesic  horizons  of  Stand  8  ranged 
upto  40  cm,  but  averaged  20  cm  in  thickness,  whereas  they 
exceeded  1.5  m  in  Stand  7.  The  greater  degree  of  organic 
decomposition  may  be  a  result  of  the  water  level 
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fluctuations  and  increased  aeration. 

Root  Depths  and  Densities 

The  litter/mineral  soil  interface  was  used  as  the  datum 
for  correlating  the  pits  within  each  macroplot.  In  the 
organic  soils  of  Stand  7  and  8  the  lower  boundary  of  the 
living  green  moss  layer  was  the  datum.  To  facilitate  the 
analysis  of  root  data,  corresponding  rows  of  root  densities 
from  subplots  were  aggregated  and  averaged  to  determine  mean 
root  density  per  depth  increment  (i.e.  density  per  row  of 
the  counting  frame).  Aggregated  root  counts  were 
transformed  to  base  10  logs.  These  mean  root  densities  were 
then  statistically  correlated  and  regressed  against 
depth (Figures  2  and  3). 

All  stands  showed  a  highly  significant  (P  <0.01) 
decrease  in  root  density  with  increasing  depth.  Maximum 
rooting  depth  was  found  on  coar se-textured  soils;  minimum 
rooting  depth  was  on  organic  soils.  Important  residual 
variations  occur  in  most  of  the  scatter  diagrams  presented 
in  Figures  2  and  3.  These  residuals  were  most  prominent  in 
the  upper  and  lower  portions  of  the  soil  profiles. 
Approximately  50  percent  of  all  roots  were  located  within 
the  upper  7  to  19  cm  of  the  rooting  zone  (Table  3).  Average 
root  densities  ranged  from  11, 000. to  30,000  roots  m-2  within 
the  upper  10  cm  of  the  rooting  zone;  the  average  overall 
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Figure  2.  Scatter  Diagram,  Regressions,  and  Correlations 
for  Pine  (A,B,C)  and  Aspen/Sand  (D,E,F)  Series. 
[Xero  depth  represents  LFH/A  horizon  interface.] 
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Figure  3.  Scatter  Diagram,  Regressions,  and  Correlations 
for  Black  Spruce/Organi c  (A,B)  and  Aspen/Clay 
Loam  Series  ( C  ,  D  ,  E )  .  [Xero  depth  in  Black  Spruce 
Series  represents  "green/brown"  moss  interface, 
whereas  it  represents  the  LFH/A  horizon  interface 
in  the  Aspen  Series.] 
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Table  3.  Root  densities  in  11  boreal  forest  stands  of 
the  Hondo-Lesser  Slave  Lake  area  in  central  Alberta, 
based  on  measurements  in  seven  pits  per  stand. 


Series  Depth  to 

Stand  Median 

Root 
Dens i ty 

( cm)a 


Number  of 
Roots  [in] 
Upper  1 0 
cm  (m-2) 


Number  of 
Roots  per 
Root i ng 
Zone  (m-2) 


JACK  PINE/SAND 


1 

2 

3 

4 

ASPEN/SAND 


10 

9 

4 


1 1 
5 


** 

** 

ns 

1  1  .  4  c 

1 6 , 32  1  c 

4,810 

12. 6C 

1 5 , 228  c 

5,375 

18.3d 

1 4 , 657  c 

4,964 

23. 5e 

i 

1  1 ,042d 

3,865 

** 

** 

ns 

15. 4C 

20 , 92 1 c 

5,499 

o 

00 

oo 

1 7 , 428  c 

4,135 

23.5" 

1  1  , 042d 

3,865 

LOAM 

ns 

ns 

ns 

11.0 

17,971 

4,121 

11.6 

15,314 

3,993 

10.6 

14,307 

3,407 

6 
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Table 

3 .  Cone  1 uded . 

Ser i es 

Depth  to 

Number  of 

Number  of 

Stand 

Medi an 

Roots  [in] 

Roots  per 

Root 

Upper  1 0 

Root i ng 

Densi ty 

cm  (m-2) 

Zone  (m-2 

( cm) 

BLACK 

SPRUCE/ORGANIC 

ns 

** 

** 

7 

8.1 

15,171 

6,398 

8 

7.9 

30,114 

12,023 

a  Half  of  root  density  occurs  above  and  below  depth 
indicated,  as  measured  from  the  top  of  the  root i no 
zone . 

b  Analysis  of  Variance  indicate  which  series  have 
significantly  different  values  (depth  to  median 
density,  etc.)  among  stands;  ' **'  is  P < 0 . 0 1 ,  "ns"  is 
not  significant  at  P<0.05  level. 
c’d’e  Stands  having  same  superscript  within  each 
category  are  not  significantly  different  at  the  P<0.05 
level  based  on  Duncan's  Multiple-range  test  (Steel  and 
Torr ie  1 960 ,  p .  107-109). 
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root  density  was  approximately  1/2  to  1/4  that  of  the 
surface  zone.  Maximum  root  concentrations  occurred  in  the 
LFH  horizons  with  the  greatest  at  the  datum,  organic/mineral 
soil,  interface  in  most  profiles  (Figures  2  and  3). 

Densities  ranged  from  8,800  to  25,600  roots  m-2  in  the 
interface  area. 

Stand  8  had  the  highest  and  Stand  4  had  the  lowest 
surface  root  density  of  the  four  series.  Aspen/Sand  stands 
had  the  highest  overall  and  surface  root  densities  of  the 
communities  on  mineral  soil.  Young  stands  had  higher 
surface  root  densities  than  older  stands  of  the  same  series 
with  the  exception  of  the  Black  Spruce  series,  where  the 
opposite  trend  prevailed. 


Coarse  roots 
upper  10  cm  of  the 
widely  distributed 
were  more  numerous 


(>5  mm)  were  usually 
rooting  zone.  Fine 
throughout  the  rooti 
in  the  upper  10  cm. 


restricted  to  the 
roots  were  more 
ng  zone,  but  they  too 


The  Jack  Pine  series  showed  an  increase  in  rooting 
depth  with  increasing  stand  age.  Such  increases  in  depth 
were  evident  from  a  decrease  in  regression  line  slope  with 
increasing  stand  age.  Furthermore,  an  increase  in  depth  to 
median  root  density  provided  additional  evidence  for  an 
increase  in  rooting  depth  with  increasing  age  (Tables  3  and 
4).  No  major  vertical  discontinuities  were  evident  within 
the  rooting  zone  (Figures  2a,b,c).  Samples,  however,  were 
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Table  4.  Comparison  of  regression  slope  angles  and 
intercepts  of  the  root  density-depth  relations  of  11 
boreal  forest  stands  of  the  Hondo-Lesser  Slave  Lake 
area  in  central  Alberta,  using  the  GT2-method  and 
[Student's]  t-test.  See  also  Figures  2  and  3. 


JACK  PINE/SAND  SERIES3 
Stand  2 

1  0.0082**b 

2 
3 

ASPEN/SAND  SERIES 
Stand  9 

10  0 . 0020** 

9 

ASPEN/CLAY  LOAM  SERIES 


3  4 

0.0045**  0.0099** 

0.0015°  0.0069** 

0 . 0054** 

4 

0 . 0064** 

0 . 0044** 


Stand  5  6 

11  0.0004  0.0018 

5  -  0.0014 

BLACK  SPRUCE/ORGANIC  SERIES 


Stand  8 

7  11.67** 


a  GT2-method  [(Sokal  and  Rohlf  1981)]  used  for  aspen 
and  jack  pine  series. 

b  **  "  Significantly  different  slope  angles  at  the 
P  <  0 . 0 1  1  eve  1 . 

c  The  y-intercepts  of  Stands  2  and  3  are 
significantly  different  at  the  P < 0 . 0 1  level  based  on 
t-test . 


more  dispersed  around  the  regression  line  in  the  lower  than 
in  the  upper  portion  of  the  rooting  zone.  Stand  3  had 
higher  root  densities  throughout  the  rooting  zone  and  a 
greater  rooting  depth  than  Stands  1  or  2.  Stand  4  had  the 
maximum  rooting  depth,  but  had  10  to  40%  lower  rooting 
density  within  the  upper  40  to  45  cm  of  the  rooting  zone 
compared  with  the  other  three  stands. 

Rooting  depth  increased  with  age  in  the  aspen/sand 
series.  However,  near-surface  root  density  decreased  with 
increasing  stand  age.  Maximum  root  density,  20,921  roots 
m  in  Stand  10,  occurred  at  the  mineral/organic  interface 
of  the  soil  (Table  3).  Roots  extended  to  a  maximum  depth  of 
approximately  130  cm  in  both  the  aspen  and  jack  pine  series 
on  sand  (Figures  2d,e,f).  Samples  in  Stand  10  closely 
approximate  the  regression  line,  except  in  the  lower 
portion.  Stand  9  samples  were  more  asymmetrically  dispersed 
about  the  regression  line  than  those  of  Stands  10  or  4. 

Aspen  Stands  11,  5,  and  6  on  clay  loam  did  not  show  a 
trend  of  increasing  rooting  depth  with  age  (Figure  3c,d,e). 
Although  Stand  6  was  approximately  96  years  older  than  Stand 
11,  their  regression  lines  were  almost  identical  (Table  4). 
Stand  6  had  a  lower  overall  root  density  than  Stand  11  or  5, 
but  this  difference  was  not  statistically  significant. 

Also,  root  density  was  higher  in  the  middle  portion  (40-60 
cm)  of  the  soil  profile  (Figure  3c)  in  Stand  11.  This 
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discontinuity  includes  the  lower  boundary  of  the  Bt  horizon 
and  the  upper  20  cm  of  the  C  horizon.  The  Bt  horizon  had  a 
granular  structure,  whereas  the  C  horizon  was  massive.  Both 
horizons  were  similar  in  bulk  density  and  particle  sizes. 
Although  near-surface  root  density  consistently  decreased 
with  increasing  stand  age,  the  former  was  not  significantly 
different  between  stands  (Table  3).  Maximum  rooting  depth 
was  approximately  95  cm. 

The  scatter  diagrams  for  Stands  7  and  8  differ  from 
those  of  the  other  stands  (Figures  2  and  3).  Plants  growing 
on  these  sites  are  more  shallow-rooted  with  a  distinctive 
lower  boundary  at  45  and  60  cm,  respectively.  Stands  7  and 
8  showed  an  increase  in  surface  and  overall  root  density 
with  increasing  age.  Black  spruce  and  to  a  lesser  extent 
Ledum  groenl and icum  were  the  main  plant  constituents  of  the 
rooting  zone  in  Stand  8. 


DISCUSSION  • 


Succession 

Indirect  studies  of  succession  using  contemporaneous 
stands  with  similar  site  conditions  but  different  ages  have 
advantages  and  disadvantages  compared  with  direct,  long-term 
studies  in  permanent  plots  (Barbour  et  al .  1981).  In  the 
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study  area,  the  two  most  important  questions  are  whether  the 
stands  have  the  same  developmental  history  and  whether  they 
have  the  same  site  conditions. 

The  first  question  is  most  evident  in  the  jack  pine 
series.  Stand  3  appears  to  be  successionally  more  advanced 
than  its  age  (85  yrs.)  would  suggest.  This  advanced  state 
may  be  related  to  stand  establishment  history  (e.g., 
density,  age,  and  seed  production  of  the  stand  that  preceded 
it).  A  higher  initial  seedling  density  could  have  shortened 
the  tree  establishment  stage,  which  is  still  ongoing  in 
Stand  1  and  2,  and  accelerated  the  rate  of  succession 
relative  to  chronological  stand  age. 

The  second  question  centers  on  the  possibility  that 
Stands  7  and  8  do  not  belong  to  the  same  successional  series 
due  to  differences  in  hydrologic  regime.  For  example,  the 
soils  of  Stand  7  are  classified  differently  and  have  a 
deeper  accumulation  of  organic  material  than  those  of  Stand 
8.  However,  both  sites  are  influenced  by  a  high  water  table 
and  have  surface  substrates  composed  of  fibric  to  mesic 
organic  materials.  The  substrates  may  vary  in  chemical 
composition,  but  these  differences  likely  develop  as  a 
result  of  species  replacement  and  aggrading  site  conditions 
during  succession.  Despite  the  potential  differences  in 
site  conditions,  both  stands  were  rooted  within  the  upper  15 
cm  of  the  ground  surface,  above  the  water  table. 
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Furthermore,  Stand  8  may  represent  a  subclimax  or  climax 
community  type  capable  of  occupying  a  variety  of  wetland 
sites  that  have  been  modified  by  hydrarch  succession. 

Further  research  will  be  required  to  evaluate  the 
successional  status  and  hydrologic  regime  of  Stands  7  and  8. 

Rooting  Systems 

If  the  four  time  and  vegetation/substrate  series  do  in 
fact  represent  successional  sequences,  then  dynamic  changes 
are  evident  both  below-  and  above-ground.  Autogenic 
above-ground  changes  occur  as  species  composition  and 
abundance  change  over  time.  Such  changes  may  be  reflected 
by  changes  in  root  density  and  the  growth  of  roots  to 
greater  depth  (Table  4).  For  example,  the  Aspen/Sand  series 
shows  a  [corresponding]  decrease  in  surface  root  density  and 
unaerstory  herb  cover  (Table  2  and  3) .  Such  understory 
decreases  probably  result  from  decreasing  light  intensity 
and  soil  temperatures  during  the  advanced  aggrading  stage 
(Bormann  and  Likens  1979)  of  succession,  when  the  overstory 
canopy  becomes  saturated  with  white  spruce  and  balsam  fir. 
The  increased  rooting  depth  as  illustrated  by  the  Aspen/Sand 
and  Pine  series  may  be  the  result  of  deep-rooted  climax 
species  replacing  more  shallow-rooted  serai  species.  This 
hypothesis  is  reinforced  by  theoretical  work  of  Berendse 
(1979),  field  studies  of  Typha  by  Grace  and  Wetzel  (1982), 
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and  old  field  succession  studies  by  Parrish  and  Bazzaz 
(1976,  1982).  occurs  in  the  Hubbard  Brook  Experimental 
Forest.  Why  rooting  depth  would  increase  with  age  is  open 
to  debate.  Geotropism,  hydrotropism,  chemotropi sm ,  resource 
partitioning,  increasing  resource  requirements,  and 
avoidance  of  biotic  interaction  may  be  important  factors. 
However,  further  research  is  required  to  evaluate  the 
relative  importance  of  these  factors. 

Although  it  is  difficult  to  place  much  credence  in  a 
series  composed  of  only  two  samples,  an  increase  in  root 
density  with  age  was  suggested  by  the  Black  Spruce  series. 
This  increase  occurred  despite  the  reduction  in  species 
diversity  (Table  2)  and  may  have  caused  it.  The  relatively 
high  species  diversity  of  Stand  7  was  probably  a  result  of 
several  factors,  but  diverse  microtopography  in  the  form  of 
hummocks  and  depressions,  open  tree  canopy,  and  recent  fire 
history  seem  most  important.  These  factors  became  less 
varied  with  the  development  of  Stand  8.  The  above-ground 
development  of  the  two  stands  paralleled  below-ground 
increases  in  surface  and  overall  root  densities.  The 
observed  root  pattern  in  Stand  8  is  almost  exclusively  that 
of  black  spruce  as  it  is  overwhelmingly  the  dominant 
vascular  species  in  the  stand. 

Not  all  mineral  soil  series  show  an  increase  in  rooting 
depth  with  increasing  age.  The  aspen  stands  on  clay  loam 
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(11,5,6)  reached  maximum  rooting  depth  in  less  than  20 
years.  This  could  be  related  to  a  restricted  rooting  zone, 
created  by  the  fine-textured  morainal  subsoil.  It  seems 
more  likely,  however,  that  maximum  rooting  depth  is  attained 
at  an  early  age  because  of  rapid  regeneration  from 
established  below-ground  structures  that  survived  the 
disturbance  (fire).  Aspen  is  well  known  for  this 
adaptation.  Consequently,  maximum  rooting  depth  appears  to 
remain  relatively  stable  throughout  the  series. 

However,  total  root  density  in  the  Aspen/Clay  Loam 
series  appears  to  decrease  with  increasing  age,  probably  due 
to  a  decline  in  near-surface  root  density  (Table  3).  This 
decrease  may  be  a  result  of  increased  moss  and  conifer 
cover,  and  decreased  aspen  and  herb  cover.  Both  of  the 
latter  [plant  groups]  appear  to  have  a  denser  rooting 
pattern  than  late-successional  vegetation. 

Mosses  may  contribute  to  lower  surface  rooting 
densities  by  reducing  nutrient  and  water  flow  to  the  mineral 
soil,  by  adversely  affecting  soil  microclimate,  and/or  by 
allelochemical  inhibition  of  root  growth.  An  example  of 
this  was  evident  in  Stand  3,  a  pine/f eathermoss  forest. 

Here,  a  thick  moss  carpet  (10-15  cm)  has  developed  over  a 
pre-existing  pine  root  system  which  probably  developed  in  a 
lichen  woodland  environment  similar  to  those  of  Stands  1  and 
2.  The  establishment  of  this  moss  carpet  may  have  resulted 
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in  the  death  of  shallow  pine  roots  and  development  of  a 
second  system  of  pine  roots  approximately  20  cm  below  the 
first  system.  The  first  root  system  has  degenerated  and 
been  replaced  by  the  second.  Mosses  could  have  caused  this 
phenomenon  by  intercepting  precipitation  thus  restricting 
water  availability  to  roots  that  occur  immediately  beneath 
the  carpet.  Only  heavy  rainfall  ( > 2 0  mm  based  on  a 
laboratory  estimate)  and/or  spring  snowmelt  would  exceed  the 
water-holding  capacity  of  the  mosses.  Such  precipitation 
events  are  infrequent  in  the  Boreal  Mixedwood  Ecoregion 
(Anonymous  1978-1982) .  It  is  not  known  whether  the  observed 
adjustment  of  jack  pine  rooting  depth  is  an  isolated  case  or 
an  example  of  a  widespread  phenomenon,  but  the  successional 
implications  are  important.  This  importance  stems  from  the 
biological  interaction  of  mosses  and  trees,  and  the 
possibility  that  mosses  may  influence  successional  trends 
and  rates.  The  mechanisms  responsible  for  this  phenomenon 
are  not  known.  Studies  of  nutrient  and  water  availability, 
[mycorrhizal  associations,]  and  pathogens  may  provide 
further  insight  to  this  interesting  problem. 

Trees  of  la te-success i onal  stands  with  moss  carpets 
(i.e.  Stands  4  and  6)  may  avoid  this  problem  by  developing 
root  systems  within  the  moss  carpet.  In  this  case,  the  moss 
carpet  may  act  as  nutrient  reservoir  (Weber  and  Van  Cleve 
1981)  for  those  plant  species  capable  of  tolerating  the 
associated  drought  conditions.  Under  these  conditions  white 
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and  balsam  fir  could  competitively  replace  jack  pine 
and  aspen  communities  as  a  result  of  differential  nutrient 
availability.  Climax  species  growth  would  be  promoted  while 
serai  species  vigor  would  decline  due  to  nutrient 
deprivation . 

Roots  were  concentrated  near  the  ground  surface  in  all 
11  stands.  Eight  of  the  11  stands  had  50%  of  all  roots 
within  a  15  cm  zone  which  usually  occurred  within  5  cm  of 
the  forest  floor.  If  root  biomass  were  considered,  more 
than  90  percent  of  all  root  biomass  would  probably  occur 
within  this  near-surface  rooting  zone.  Such  root 
concentration  zones  have  been  observed  by  other  researchers 
(e.g.,  Adams  and  Chapman  1941,  Preston  1942,  Vogt  et  al . 

1981 ) .  Why  roots  occur  near  the  ground  surface  even  on 
xeric  sites  is  not  clear,  but  an  orientation  to  nutrients 
leached  from  litter,  to  water  from  summer  precipitation,  and 
to  favorable  soil  temperatures  is  hypothesized.  Also,  the 
apparent  asymmetric  pattern  of  root  densities  in  Figures  2 
and  3  may  reflect  the  differential  availability  of  plant 
nutrients  and  mechanical  constraints  such  as  soil  density. 
The  scattered  residuals  in  the  lower  portion  of  the  diagrams 
may  be  related  to  low  sampling  intensity  rather  than  root 
distribution  variability. 


' 


CHAPTER  III 


ROOT-SYSTEM  MORPHOLOGY  OF  COMMON  BOREAL  FOREST  TREES  IN 

ALBERTA,  CANADA1 

ABSTRACT2 

Twenty-four  specimens  of  6  boreal  tree  species  were 
excavated:  8  Pinus  banksiana  Lamb.,  5  Populus  tremuloides 
Michx.,  4  Picea  glauca  (Moench)  Voss,  3  Picea  mariana 
(Mill.)  BSP.,  2  Abies  balsamea  (L.)  Mills.,  and  2  Larix 
laricina  (Du  Roi)  K.  Koch.  Root  systems  were  described,  and 
percent  biomass  determined  for  above-  and  below-ground 
components  for  half  these  specimens.  Tree  ages  ranged  from 
3  to  120  years.  Horizontally  spreading  lateral  roots 
dominated  the  root  systems  of  all  species  and  occurred 
within  3-15  cm  of  the  ground  surface.  Nutrient  and  moisture 
absorption  appear  to  be  the  principal  functions  of  lateral 
roots.  Maximum  vertical  root  growth  occurred  near  the  tree 
stump  as  tap-,  heart,  sinker,  and  oblique  lateral  roots. 
Vertical  root  morphology  is  influenced  by  site  conditions. 

In  addition  to  providing  mechanical  support,  sinker  and 
taproots  may  be  important  adaptations  for  deep  water 

1  Reproduced  by  permission  of  the  National  Research  Council 
of  Canada  from  Canadian  Journal  of  Forest  Research,  Volume 
13,  1983.  pp.  1164-1173. 

2[  ]  represent  additions  to  the  text  relative  to  the 
published  version. 
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utilization  on  xeric  sites. 

Our  data  suggest  that  roots  may  be  important  in  boreal 
succession  processes  through  two  related  mechanisms:  (1) 
nutrient  and  water  deprivation  occurs  through  preemptive 
growth  of  tree  roots  from  climax  species  over  roots  of  serai 
species,  and  through  interception  by  mosses;  and  (2)  niche 
partitioning  occurs  below-ground  between  serai  and  climax, 
and  among  climax  tree  species,  by  vertical  separation  of 
root  systems. 


INTRODUCTION 

Succession  from  serai  to  climax  communities  in  the 
Boreal  Forest  Region  has  been  attributed  to  the  superior 
competitive  ability  of  climax  species  such  as  white  spruce 
( Picea  glauca  (Moench)  Voss)3  and  balsam  fir  (Abies  bal samea 
(L.)  Mills.)  (e.g.,  Horton  1956,  p.  24-25;  Rowe  1956). 
However,  the  factors  responsible  for  the  replacement  of  one 
boreal  tree  species  by  another  have  not  been  well 
documented.  Differential  life  span,  shade  tolerance  and 
nutrient  uptake  ability  of  species  as  well  as  biologically 
induced  changes  of  site  conditions  are  often  considered 
responsible  (Daubenmire  1968,  Barbour  et  al .  1981).  If  the 
possible  mechanisms  of  succession  -  are  to  be  identified  and 
3Taxonomy  follows  Moss  1959. 
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tested,  much  research  is  required.  A  mechanistic  approach 
sensu  Harper  (1977)  should  provide  a  more  satisfying 
explanation  than  treating  succession  as  the  result  of 
unspecified  interactions  among  species.  Below-ground  such 
mechanisms  could  include,  e.g.,  increased  nutrient 
absorption  rates,  increased  quantities  of  fine-roots  for 
absorption,  and  varied  rooting  depths  for  more  effective  and 
less  competitive  resource  extraction.  These  latter  two 
possibilities  will  be  considered  in  this  paper. 

Root  analysis  may  add  significantly  to  our 
understanding  of  boreal  forest  succession.  Owing  to  the 
labor-intensive  nature  of  this  research  the  role  of  plant 
roots  in  succession  has  not  received  the  attention  it 
deserves.  The  statement  "Very  little  is  known  of  the  root 
habits  of  forest  trees"  made  by  Cheyney  in  1932  is  still 
true  of  most  boreal  tree  species. 

The  study  area  occurs  southeast  of  Lesser  Slave  Lake  in 
central  Alberta.  The  climate,  site  conditions,  and 
vegetation  have  been  described  by  La  Roi  and  Ostafichuk 
(1984)  and  Strong  and  La  Roi  (1983a)  and  are  typical  of  the 
largest  ecoregion  (Boreal  Mixedwood)  of  Alberta,  which 
covers  ca.  40%  of  the  province  (Strong  and  Leggat  1981). 

To  our  knowledge,  no  previous  research  in  Canada  has 
systematically  compared  the  root  system  morphology  of 
different  boreal  tree  species  within  a  restricted 
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geographical  area,  except  that  of  Bannan  (1940).  It  is 
difficult  to  compare  root  system  data  from  trees  studied  in 
widely  separated  areas  because  of  potential  ecotypic  and 
site  variations,  and  still  more  difficult  to  infer  how  root 
systems  might  contribute  to  forest  succession.  Hence,  the 
objectives  of  this  paper  are  to  (1)  describe  the  root 
systems  (position,  size,  and  biomass  distribution)  of  six 
boreal  tree  species  in  one  study  area,  (2)  interpret  the 
ecological  significance  of  these  root  system  patterns,  and 
(3)  suggest  some  successional  implications. 

METHODS 

Jack  pine  ( Pinus  banksiana  Lamb.),  white  spruce,  black 
spruce  ( Picea  mariana  (Mill.)  BSP.),  balsam  fir,  larch 
( Lar i x  lar icina  (Du  Roi)  K.  Koch),  and  aspen  ( Populus 
tremuloides  Michx.)  were  the  species  chosen  for  study 
because  they  are  the  most  widespread  and  abundant  trees  of 
the  Boreal  Forest  Region  in  North  America.  Individual  trees 
were  selected  for  study  on  the  basis  of  site  conditions, 
age,  and  general  above-ground  health.  Severely  suppressed 
or  deformed  specimens  were  avoided.  An  attempt  was  made  to 
harvest  only  trees  in  the  35-40  year  age  range,  but  this  was 
not  always  possible.  This  range  of  ages  was  selected 
because  of  its  relative  abundance  throughout  the  study  area. 
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Tree  harvesting  began  by  felling  at  ground  level.  The 
above-ground  portion  of  the  tree  was  separated  into  leaf, 
live  branch,  fruit,  and  bole  components.  Dead  branches  were 
discarded.  In  11  of  the  12  trees  the  entire  above-ground 
portion  was  taken  for  total,  oven-dry  biomass  determination. 
A  60  year  old  jack  pine  was  the  exception;  its  branch,  leaf, 
and  fruit  component  weights  were  estimated  by  sampling 
methods  similar  to  that  of  Hegyi  (1972).  All  boles  were 
sampled  by  removing  10  cm  disks  at  1  m  intervals  beginning 
at  the  butt.  Disks  were  used  to  determine  tree  age  and 
estimate  bole  weight. 

The  below-ground  portion  of  the  tree  was  classified 
into  two  components;  lateral  and  vertical  root  components. 
Biomass  weights  were  estimated  for  lateral  roots  by 
sampling.  Lateral  roots  located  for  detailed  excavation  by 
removing  litter  and  soil  materials  from  around  the  stump. 
These  roots  were  then  counted,  their  maximum  diameters 
measured,  and  two  or  three  selected  at  random  for  detailed 
excavation.  All  lateral  roots  which  exceeded  a  specified 
diameter  (usually  2  cm)  were  then  cut  from  the  stump; 
severing  occurred  where  the  root  exceeded  the  specified 
diameter.  When  lateral  roots  were  abundant,  or  varied 
greatly  in  size,  or  both,  more  than  one  sample  of  2-3  roots 
was  taken,  each  with  its  own  maximum  diameter  (e.g.,  1,  2, 
and  4  cm).  The  stump  together  with  unsevered  laterals, 
those  less  than  the  specified  diameter,  and  all  of  its 
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vertical  roots  were  then  excavated  and  photographed. 

An  attempt  was  made  to  extract  all  the  roots  when 
excavating  lateral  and  stump  roots;  however,  the  smaller  the 
root  the  greater  the  probability  of  breakage  and  loss.  A 
recovery  efficiency  of  >75%  was  qualitatively  estimated  for 
roots  with  a  diameter  of  <2  mm,  whereas  efficiency  was  at 
least  95%  for  roots  >2mm  and  100%  for  >5  mm.  Shovels,  hand 
trowels,  dissecting  probes,  and  forceps  were  used  for 
excavation . 

The  vertical  root  component  contained  tap-,  sinker, 
heart,  and  obliquely  descending  roots;  the  lateral  component 
consisted  only  of  lateral  roots.  After  collection  all  roots 
were  [cleaned  of  soil,]  clipped  and  grouped  into  five 
diameter  classes;  0-2,  2-5,  5-20,  20-50,  and  >50  mm,  then 
dried  in  a  forced  air  oven  at  65°  C.  Roots  were  considered 
dry  when  water  loss  did  not  exceed  1%  of  the  total  weight 
after  drying  for  12  hours. 

Total  lateral  root  biomass  was  estimated  as  the  sum  of 
( 1 )  detached  lateral  root  samples  (estimated  from  root  count 
and  mean  biomass  per  size  class),  (2)  the  weight  of  attached 
lateral  stump  roots,  and  (3)  the  weight  of  lateral  root 
stubs  attached  to  the  stump. 

In  addition  to  the  12  harvested  trees,  12  specimens  on 
other  sites  were  partially  excavated  for  comparison  of 
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below  ground  components.  During  all  excavations 
measurements  were  taken  of  root  depth  and  radial  spread, 
i.e.  the  maximum  radial  distance  that  excavated  lateral 
roots  extended  from  the  tree  stump;  in  the  special  case  of 
aspen,  a  clonal  species,  the  midpoint  of  roots  connecting 
members  of  the  same  clone  were  used  to  estimate  radial 
spread.  All  trees  were  excavated  during  the  summer  of  1982; 
trees  used  for  biomass  estimates  were  harvested  in  August. 


RESULTS 


Black  Spruce 

Two  trees  were  excavated  from  a  55  year  old  black 
spruce  stand  growing  on  a  Terric  Mesisol  soils  (Stand  7). 
Tree  density  (i.e.  >1  cm  dbh)  averaged  6,000  stems  ha-1. 

The  water  table  was  within  1 0 ~ 3 0  cm  of  the  ground  surface 
depending  upon  the  hummocky  relief.  A  third  tree  was 
partially  excavated  from  a  subclimax  black 
spruce/f eathermoss  community  (Stand  8).  In  this  stand  tree 
density  averaged  10,000  stems  ha-1  and  soils  were  poorly 
drained  Humic  Gleysols  and  Terric  Humisols  (Table  5). 

The  harvested  40  year  old  black  spruce  tree  was  4  m 
tall  (Table  6).  Its  total  dry  biomass  was  5.4  kg,  69%  of 
which  occurred  above-ground,  making  its  rootrshoot  ratio  of 
0.45  the  third  highest  of  the  12  harvested  trees.  Roots  of 
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Stump  Is  defined  as  below-ground  portion  of  the  tree  bole. 
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the  5-20  mm  size  class  were  most  abundant  in  terms  of 
biomass,  but  were  few  in  number.  Fine-roots  (0-2  mm)  were 
most  numerous  and  occurred  mainly  at  the  distal  portions  of 
the  root  branches.  Approximately  4%  of  the  total  tree 
biomass  was  fine-roots. 

Most  roots  occurred  7-10  cm  below  the  ground  surface, 
just  above  the  water  table.  Large  roots  ( > 2 0  mm)  were  most 
commonly  found  in  hummocks,  while  finer  roots  occurred  in 
both  hummocks  and  hollows.  Root  spread  was  3  m,  giving  a 
r oo t - spread : t ree-he i ght  ratio  of  0.75.  Maximum  vertical 
root  depth  was  only  30  cm  and  occurred  near  the  tree  stump, 
but  these  roots  recurved  toward  the  ground  surface  (Figure 
4a).  A  dead  aborted  taproot  was  present. 

The  partially  excavated  tree  from  Stand  7  was 
approximately  3.5  m  in  height  and  34  years  old,  while  the 
tree  from  Stand  8  was  11  m  tall  and  120  years  old.  Both 
trees  had  rooting  depths  similar  to  those  of  the  harvested 
tree.  However,  their  root-spread : t ree-he ight  ratios  were 
lower,  0.68  and  0.32,  respectively.  To  summarize,  the  root 
system  of  black  spruce  consists  of  several  horizontally 
spreading,  near-surface,  lateral  roots  which  form  a  disk, 
with  few  if  any  functioning  vertical  roots. 
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Figure  4.  The  Vertical  and  Partial  Horizontal  Root  System  of 
(A),  Black  Spruce;  (B),  Larch;  (C),  White  Spruce; 
and  D ,  Aspen. 
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Larch 

Two  larch  trees  were  excavated  in  Stand  7,  and  one  of 
these  was  harvested.  The  harvested  tree  was  34  years  old 
and  10.3  m  tall;  the  other  tree  was  38  years  old  and  16  m 
tall.  The  larch  root  system  was  similar  to  that  of  black 
spruce:  shallow  and  spreading.  However,  fine  roots  were 
less  abundant  and  closer  to  the  water  table.  Maximum 
rooting  depth  was  approximately  30  cm.  Larch  had  a  higher 
rate  of  net  biomass  accumulation  and  height  growth  than  did 
black  spruce  growing  on  the  same  site.  Much  of  this 
accumulation  was  allocated  to  below-ground  structures;  larch 
the  highest  rootzshoot  ratio  (0.53)  of  the  species 
studied  (Table  6).  About  15%  of  its  root  biomass  was  in  the 
>50  mm  size  class,  at  least  3X  greater  than  any  of  the  other 
species.  There  was  no  evidence  of  vertical  root 
development,  although  an  aborted  taproot  was  present  on  the 
harvested  tree  (Figure  4b). 

White  Spruce 

Two  white  spruce  trees  were  partially  excavated  and  two 
others  were  harvested  (Table  6).  The  first  harvested  tree 
was  35  years  old,  10.3  m  tall,  and  grew  on  aeolian  sand  in  a 
jack  pine/feathermoss  community  (Stand  3).  The  ground 
surface  was  relatively  flat  on  the  crest  of  a  sand  dune. 

The  two  partially  excavated  white  spruce  were  from 
edaphically  similar  sites  and  were  19  and  58  years  old,  and 
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2.2  and  28  m  tall,  respectively.  The  second  harvested  tree 
was  43  years  old,  10.8  m  tall  and  occurred,  on  shallow,  sandy 
outwash  deposits  which  overlie  clay  loam  morainal  deposits 
(Stand  5) .  The  soil  was  a  moderately  well- drained  Gray 
Luvisol  (Table  5).  The  tree  stratum  was  dominated  by  aspen 
and  the  understory  by  Viburnum  edule  (Michx.)  Raf.  and 
Arsl is  nud i cau 7  is  L.  All  white  spruce  trees  were  suppressed 
by  jack  pine  and  aspen  during  early  stages  of  their  growth, 
based  on  narrow  annual  growth  rings. 

Although  the  two  harvested  trees  came  from  very 
different  sites,  they  had  a  similar  rooting  pattern  and 
allocation  of  biomass.  From  4  to  6  horizontally  spreading 
primary  lateral  roots  formed  the  main  components  of  the  root 
system.  These  lateral  roots  were  mainly  found  in  the  lower 
portion  of  the  F  and  H  horizons.  Fine-roots  were 
horizontally  oriented,  occurred  at  the  distal  portions  of 
each  root  branch  and  formed  a  broad  absorptive  network 
concentrated  in  a  band  outside  the  tree  crown.  Radial  root 
spread  was  approximately  7  m  for  both  trees. 

Root-spread: tree-height  ratios  were  1.8,  0.66,  0.64,  and  0.3 
from  young  to  old  trees,  respectively. 

About  30  cm  from  the  stump  on  the  underside  of  each 
main  lateral  root  there  was  a  short  (50—75  cm)  obliguely 
descending  root  branch.  Such  roots  have  been  termed  "heart" 
roots  by  Wagg  (1967)  and  probably  have  an  anchoring  function 
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judging  from  their  stout  and  dendr i t ically  branched 
character  (Figure  4c).  Heart  roots  appear  to  enlarge  and 
elongate  with  increasing  age.  For  example,  these  roots  were 
lacking  on  the  19  year  old  tree,upto  50  cm  long  on  35  to  43 
year  old  trees,  and  upto  approximately  1  m  in  length  on  a  28 
m  tall  tree,  which  was  partially  excavated  in  Stand  4. 

Heart  roots  were  less  well  developed  on  fine-textured  soils 
than  those  on  sand. 

Between  the  heart  and  first  major  branches  of  the  main 
lateral  roots  were  short,  fine  (<5  mm  diameter)  obliquely 
descending  roots,  originating  from  the  sides  of  the  lateral 
roots.  Such  roots  may  have  both  absorption  and  anchoring 
functions,  based  on  their  branched  pattern  and  small 
diameter.  These  oblique  roots  penetrated  to  depths  of  40  cm 
and  appear  to  increase  in  number  along  the  laterals  as  the 
tree  increases  in  size. 

More  than  95%  of  root  biomass  occurred  in  the  lateral 
component  of  the  system  (Table  6). 

Aspen 


Five  aspen  trees  ranging  in  age  from  19  to  79  years 
were  at  least  partially  excavated  and  examined  on  fine- 
stands  5  and  11)  and  coar se-textured  (Stands  9  and  10) 
soils  (Table  5).  On  all  sites  aspen  were  connected  by 
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lateral  roots"  sensu  Barnes  (1966)  in  the  mineral  soil  near 
the  ground  surface.  Such  lateral  roots  are  most  prominent 
during  the  early  stages  of  tree  growth,  but  are  still  very 
obvious  on  79  year  old,  24  m  trees  from  Stand  9.  Peridermal 
scar  tissues  marked  the  positions  of  former  suckers,  or 
ramets,  that  formed  a  much  denser  stand  during  the  early 
development  of  the  clone. 

In  sharp  contrast  with  white  spruce,  the  general  root 
system  morphology  of  aspen  was  distinctly  different  in  sand 
compared  with  clay  loam  substrates.  With  increasing  age  on 
boi_h  substrates,  however,  aspen  develops  a  second  root 
system  which  supplements  the  the  primary  lateral  roots  that 
propogated  the  clone.  Day  (1944)  also  noted  the  development 
of  such  secondary  root  systems. 

On  sandy  substrates  secondary  lateral  and  sinker  roots 
develop.  The  secondary  laterals  grow  outward  from  the  tree 
and  then  descend  sharply,  with  few  branches  except  in  the 
distal  portions,  to  a  maximum  depth  of  2  m  (Stand  9).  A  few 
sinker  roots  usually  occurred  in  the  vicinity  of  the  stump. 
"Heart  like"  roots  were  present  on  the  undersides  of  some 
horizontal  lateral  roots,  just  outside  the  stump  margin; 
these  roots  descended  vertically  to  depths  of  1  m,  were 
stout,  and  very  branched.  In  addition  to  lateral  and  heart 
roots,  numerous  stout  and  relatively  short  (<75  cm)  roots 
developed  beneath  the  stumps  of  some  trees  (Figure  4d) . 
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On  fine  textured  substrates  aspen  had  spreading 
horizontal  to  slightly  oblique  laterals  and  a  sphere  of 
short  stout  roots  below  the  stump.  These  roots  were 
secondary  to  the  primary  lateral  root  system  responsible  for 
vegetative  reproduction  of  the  population. 

Vertically  descending  roots  contributed  only  a  small 
percentage  (ca.  0.2%)  to  the  total  tree  biomass  (Table  6). 
Based  on  the  harvested  trees,  aspen  had  from  3  to  5X  more 
biomass  above-  than  below-ground.  The  root  systems  of 
European  aspen  {Populus  trsmuls  L.)  described  by  Kostler  et 

3l .  (1968)  are  similar  to  those  of  the  aspen  excavated  in 
this  study. 

Obliquely  ascending  fine-roots  grew  from  the  tops  and 
sides  of  near-surface  lateral  roots  of  aspen.  These  roots 
were  abundant,  comprising  1  to  2%  of  the  total  aspen  biomass 

(Table  5);  most  were  located  just  below  the  soil  litter  (L) 
horizon . 

Because  no  aspen  trees  were  found  in  the  40-year  age 
range  on  clay  loam  substrates,  it  is  difficult  to  directly 
compare  the  biomass  allocation  of  aspen  in  Table  6  with 
those  of  other  species.  However,  the  largest  biomass 
percentages  were  again  in  the  bole  and  larger  root  size 
classes  as  with  most  other  trees.  The  leaf  biomass 
component  was  only  10  to  50%  of  that  of  other  species  in  a 
similar  age  category.  Aspen  had  the  lowest 
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root  spread: tree-height  ratios  of  the  six  species  (0.26, 
0.12)  owing  to  its  communal  root  system. 

Jack  Pine 

A  total  of  8  trees  ranging  in  age  from  3  to  83  years 
were  excavated  and  5  of  these  were  harvested.  Seven  trees 
were  taken  from  open-canopied  jack  pine  forests  (Stands  1 
and  2)  with  an  understory  dominated  by  Arctostaphyl os 
uva-ursi  (L.)  Spreng.  and  Cladina  mitis  (Sandst.)  Hale  & 
Culb.  (Table  5).  The  oldest  tree  (83  years)  was  partially 
excavated  in  Stand  3,  which  was  dominated  by  a  relatively 
closed -canopied  jack  pine  tree  stratum  with  an  A1 nus  crispa 
(Ait.)  Pursh  and  Pleurozium  schneberi  (Brid.)  Mitt, 
understory.  All  trees  were  growing  on  Eutric  Brunisol  soils 
derived  from  aeolian  sands  which  overlie  beach  sands  at 
depths  >1.5  m. 

A  consistent  root-form  was  evident  among  the  excavated 
trees,  although  some  variation  occurred.  Horizontally 
spreading  lateral  roots  were  located  in  the  upper  12  cm  of 
the  mineral  soil,  as  noted  by  Cheyney  (1932),  Adams  and 
Chapman  (1941),  and  Kaufman  (1945).  From  4  to  6  primary 
lateral  roots  comprised  the  horizontal  portion  of  the  root 
system.  The  root-spread: tree-height  ratios  ranged  from  3.48 
in. younger  to  0.59  in  older  trees-.  Lateral  roots  comprised 
from  60  to  95%  of  all  roots.  Viewed  from  above,  individual 
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primary  laterals  and  their  secondary  branches  formed 
ova tely-shaped  root  networks. 

Vertical  roots  comprised  <3%  of  the  total  tree  biomass 
of  older  pines.  The  percentage  was  higher  for  younger  trees 
(Table  6).  Three  distinctive  types  of  vertical  roots  were 
found:  taproot,  sinker,  and  "herring  bone".  Large  taproots 
were  the  principal  vertical  roots  on  all  jack  pines  (Figure 
5a),  and  extended  to  a  maximum  depth  of  2  m,  although  1.3  m 
was  more  common.  Taproots  were  simple  structures  to  depths 
of  50-90  cm,  after  which  they  branched  into  several  smaller 
descending  roots.  Where  temporary  subsurface  moisture  zones 
occurred,  these  latter  roots  branched  again  and  spread 
horizontally;  this  secondary  branching  was  evident  on  the  40 
year  old  tree  and  occurred  at  two  different  levels  on  the  60 
year  old  tree.  Cheyney  (1932)  observed  very  similar  taproot 
branching  patterns  in  jack  pine  under  similar  site 
conditions  in  Ontario. 

Sinker  roots  originate  from  the  lower  surface  of 
lateral  roots  (Figure  5a)  and  were  more  numerous  closer  to 
the  stump.  These  roots,  <10  per  tree,  were  usually  1-4  cm 
in  diameter,  had  little  taper  and  few  branches.  Sinker 
roots  and  taproots  branched  in  a  similar  manner  and  extended 
to  similar  depths. 

"Herring  bone"  roots  are  defined  as  tapered,  vertically 
descending  roots  with  short  (<2  cm),  closely  spaced, 
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Figure  5.  The  Vertical  and  Partial  Horizontal  Root  System  of  (A),  Jack  Pine; 


secondary  branches  occurring  in  a  single  plane.  Such  roots 
were  less  than  1  m  in  length  and  only  occurred  in  the  stump 
area  of  trees  older  than  30  years.  These  roots  contributed 
little  to  root  biomass,  although  several  were  present. 

Their  function  is  not  known.  Fayle  (1975)  has  described 
P i nus  pqs / DOS3  Ait.  roots  of  a  similar  growth— form. 

Balsam  Fir 

Two  balsam  fir  trees  were  excavated.  The  first  was  33 
years  old  but  only  4.6  m  in  height,  probably  because  of 
suppression  by  taller  white  spruce  and  balsam  fir  trees. 
Edaphic  conditions  were  similar  to  those  of  the  jack  pine 
and  aspen  on  sandy  sites.  Soils  in  Stand  4  were  classified 
as  Brunisolic  Gray  Luvisols  and  Eluviated  Eutric  Brunisols, 
derived  from  well-drained  aeolian  sand  deposits  >2  m  deep 
(Table  5). 

This  balsam  fir  specimen  had  a  taproot,  sinker  roots, 
and  obliquely  descending  and  horizontally  spreading  lateral 
roots  (Figure  5b).  The  lateral  roots  paralleled  the  ground 
surface  in  the  F  and  H  horizons  which  consisted  primarily  of 
f eathermosses .  Most  fine-roots  occurred  on  the  distal 
portions  of  the  lateral  branches. 

Oblique  lateral,  tap-,  and  sinker  roots  were  confined 
to  the  mineral  soil.  Balsam  fir  had  5%  of  its  biomass  in 
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vertically  oriented  roots,  a  percentage  exceeded  only  by 
those  of  the  3  and  9  year  old  jack  pines.  The  taproot  was 
longer  and  narrower  than  that  found  on  the  small  jack  pine 
trees.  Most  oblique  roots  were  more  than  1  m  in  length. 
Maximum  observed  rooting  depth  was  1.3  m. 

The  second  excavated  balsam  fir  was  48  years  old  and  8 
m  in  height.  This  tree  was  growing  on  glacial  moraine 
deposits  with  site  conditions  similar  to  those  described  for 
white  spruce  on  Stand  5  (Table  5).  Lateral  roots  were 
mainly  located  in  the  lower  portion  of  the  FH  horizons, 
although  some  small  diameter  roots  were  noted  in  the  upper  5 
cm  of  the  mineral  soil.  The  root-spread : tree-he i ght  ratio 
was  0.44,  very  similar  to  that  calculated  for  the  specimen 
growing  on  sand.  Sinker,  tap—,  and  oblique  lateral  roots 
were  confined  to  the  upper  40  cm  of  the  mineral  soil.  All 
three  vertical  root-types  were  deformed  and  deflected  to  a 
horizontal  direction  of  growth  when  the  soil  Bt  horizon  was 
contacted.  Maximum  vertical  root  length  was  ca.  1.3  m. 

Roots  <2  mm  were  common  on  sinkers  and  oblique  lateral  roots 
in  the  mineral  soil. 
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DISCUSSION 


Biomass  values  for  aspen  boles,  branches,  and  leaves  in 
the  study  area  fall  between  those  found  by  Bartos  and 
Johnston  (1978)  in  the  western  USA  and  those  reported  by 
Johnstone  and  Peterson  (1980)  in  western  Canada  (Table  7). 
Equations  for  aspen  in  the  Great  Lakes  area  (Pastor  and 
Bockheim  1981)  over-estimated  biomass  for  various  tree 
components.  Allometric  regression  equations  for  jack  pine 
by  Hegyi  (1972)  and  Alban  and  Laidly  (1982)  under-estimated 
biomass  for  trees  in  Stand  2,  but  they  over-  and 
under-estimated  weights  for  trees  in  Stand  1,  respectively 
(Table  7).  Equations  for  bole  weights  (Singh  1982) 
under-estimated  those  of  white  spruce  and  larch,  but  were 
close  to  those  measured  for  balsam  fir  and  black  spruce. 

These  comparisons  indicate  that  above-ground  growth 
rates  and  biomass  allocation  of  trees  within  the  study  area 
are  by  no  means  anomalous  or  even  unusual,  when  compared 
with  other  western  North  American  studies.  Hence  a 
rootrshoot  ratio  of  0.25-0.35:1  can  be  expected  for  many 
western  boreal  forest  trees  in  the  35-40  year  age  range 
growing  on  mineral  soils.  Deviations  from  this  prediction 
will  occur  in  response  to  site  conditions.  Keyes  and  Grier 
(1981)  have  shown  that  stressed  trees  will  often  have  higher 
root . shoot  ratios  than  less  stressed  trees  of  the  same 
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In  addition  to  providing  information  on  root  system 
morphology,  the  5  harvested  jack  pine  trees  were  used  to 
test  the  null  hypothesis  that  rootrshoot  ratios  remain 
relatively  stable  with  increasing  jack  pine  age.  However, 
responses  by  sinker  and  tap  roots  to  soil  moisture  zones  in 
Stand  2,  the  source  of  the  two  older  trees,  devaluated 
comparison  of  all  members  of  the  age  series.  Despite  these 
noise  problems  an  increase  of  below-ground  biomass  was 
evident  with  increasing  tree  age.  Furthermore,  the 
proportion  of  below-ground  biomass  increased  by  25  to  30% 
between  9  and  23  and  between  37  and  57  year  old  trees  (Table 
6).  This  trend  seems  to  favor  rejection  of  the  null 
hypothesis  [(i.e.  the  proportion  of  root  relative  to  shoot 
increased  with  tree  age.)].  In  contrast,  Sims  (1964)  and 
Eis  (1974)  found  that  the  root:shoot  ratios  of  very  young 
jack  pines  and  other  conifers  normally  decreased  with 
increasing  age. 


Horizontal  Roots 

All  investigated  root  systems  were  domi nated  in  terms 
of  biomass  by  horizontally  spreading  lateral  roots  which 
generally  occurred  within  the  upper  15  cm  of  the  soil.  Jack 
pine  and  aspen  lateral  roots  were - conf ined  to  mineral  soil 
horizons  whereas  black  spruce,  balsam  fir,  white  spruce,  and 
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larch  lateral  roots  were  concentrated  in  the  organic  soil 
horizons.  Roots  may  be  concentrated  near  the  ground  surface 
in  mineral  soils  as  a  trophic  response  to  nutrient  and  water 
supply.  roster  and  Morrison  (1976),  Weber  and  Van  Cleve 
(1981),  and  many  others  have  shown  that  re-cycled 
macro-nutrients  are  concentrated  in  the  soil  litter 
horizons . 

One  of  the  many  effects  of  fire  on  upland  boreal 
forests  is  reduction  or  loss  of  the  surface  organic  horizons 
(Austin  and  Baisinger  1955;  Foster  and  Morrison  1976). 
Nutrient  exchange  in  many  post-fire,  serai  forests  must, 
therefore,  occur  mainly  in  mineral  soil  horizons  until  new 
organic  horizons  develop.  Hence  it  is  to  be  expected  that 
the  lateral  absorption  roots  of  serai  aspen  and  jack  pine 
would  be  concentrated  in  mineral  soil  while  those  of  climax 
white  spruce  and  balsam  fir  are  found  mainly  in  the  humus 
layer . 


In  poorly  drained  peatland  ecosystems,  black  spruce  and 
larch  roots  may  be  confined  to  a  near-surface  location  due 
to  a  high  water  table  and  associated  oxygen  deficit. 

Vertical  Roots 

In  the  study  area,  long  tap-,  sinker,  and  obliquely 
descending  lateral  roots  seem  to  be  important  adaptations  by 
jack  pine,  balsam  fir,  and  aspen  to  utilize  deep  water 
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sources  and,  hence,  reduce  water  deficits  on  xeric  sites. 

On  mesic  sites  these  roots  would  be  less  necessary.  This 
conclusion  is  based  on  comparisons  of  aspen  growing  on 
different  sites  in  the  study  area  and  accords  with  rooting 
habit  studies  (Horton  1958)  of  lodgepole  pine  (Pinus 
contorta  Loudon  var,  / at i folia  Engelm.),  a  species  which  is 
morphologically  similar  to  jack  pine. 

Heart  and  obliquely  descending  side-lateral  roots  of 
white  spruce  and  oblique  lateral  roots  of  balsam  fir  are 
probably  important  for  mechanical  support,  (i.e.  anchoring) 
since  their  horizontal  lateral  roots  grow  in  surface  organic 
layers.  Heart  and  oblique  lateral  roots  would  be  less 
important  on  fine-  than  a  coar se-textured  soil  because  of 
the  greater  cohesion  of  soil  particles  and  root-soil 
adhesion  in  fine-textured  soils. 

The  relative  development  of  these  root-types  probably 
depends  upon  plant  needs,  site-imposed  restrictions,  and 
genetic  controls.  Root  development  could  be  inhibited  by 
high  soil  density,  poor  aeration,  and/or  high  water  table  as 
suggested  by  Wagg  (1967)  and  Eis  (1970).  The  latter  two 
factors  are  probably  important  in  restricting  the  root  depth 
of  black  spruce  and  larch  in  organic  soils.  However,  soil 
density  and  compaction  may  limit  root  development  on  well  to 
moderately-well  drained,  fine-textured,  upland  soils. 
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Bannan  (1940),  Horton  and  Lees  (1961),  and  Schultz 
(1969)  found  rooting  patterns  of  black  spruce  and  larch 
similar  to  those  of  trees  in  this  study;  they  also  provided 
evidence  for  increased  vertical  root  growth  on  better 
drained  mineral  soils.  Schultz  (1969)  found  prominent 
taproots  on  white  spruce  under  most  site  conditions  in  the 
Great  Lakes  region.  Both  Wagg  (1967)  and  Schultz  (1969) 
attributed  limited  taproot  development  to  the  effects  of 
soil  texture,  structure,  excess  moisture,  and  poor  aeration. 
However,  these  factors  do  not  adequately  explain  the  limited 
taproot  development  of  white  spruce  excavated  from  sandy 
sites  in  the  study  area. 

In  general,  vertical  roots  were  more  varied,  i.e. 
plastic  in  form  than  horizonal  roots  among  specimen  trees. 
This  variability  is  probably  a  result  of  substrate 
conditions.  High  soil  bulk  density  impedes  vertical  root 
development  as  in  the  case  of  balsam  fir,  while  xeric  soils 
tend  to  promote  vertical  root  development  (e.g.,  aspen).  Of 
the  4  root  system  forms  recognized  by  Wagg  (1967),  the  root 
systems  of  white  spruce  in  the  study  area  would  be 
classified  as  Restricted  Taproot  form,  due  to  the  very 
limited  development  of  a  taproot. 
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Succession 


Tree  root  systems  may  play  an  important  role  in 
determining  the  direction  and  rate  of  plant  succession  in 
boreal  forest.  This  study  has  yielded  two  possible 
mechanisms:  (1)  nutrient  and  water  deprivation;  and  (2) 
niche  partitioning. 

The  first  mechanism  is  well  illustrated  in  jack  pine 
succession  to  white  spruce,  and  involves  the  growth  of  white 
spruce  roots  above  jack  pine  roots.  Horizontal  roots  of 
jack  pine  normally  occur  in  the  mineral  soil,  whereas  those 
of  white  spruce  grow  in  soil  litter  and  humus.  The  soil 
P^ofils  is  thus  partitioned  vertically  between  the  two 
trees,  but  white  spruce  had  a  better  opportunity  to  absorb 
water  and  re_cycled  nutrients  than  jack  pine  because  of  its 
superposition.  Hence  white  spruce  is  favored. 


Vogt  et  al .  (1981)  observed  a  similar  edaphic  shift  of 
roots  from  mineral  to  organic  surface  horizons  with 
increasing  stand  age,  but  their  work  concerned  one  species, 
Pacific  silver  fir  (Abies  amabi 1  is  (Dougl.)  Forbs). 


A  more  complex  example 
seen  in  aspen  succession  to 
synergistic  changes  in  soil 
nutrients.  As  white  spruce 
the  forest  litter  slowly  cha 


of  nutrient  deprivation  may  be 
white  spruce,  which  involves 
microenvironment,  moisture  and 
grows  _  beneath  the  aspen  canopy 
nges  from  nut r ient-r ich , 
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deciduous  broad-leaf  to  nutrient-poor,  evergreen  needle-leaf 
litter.  Increased  and  year-round  shade  as  well  as 
non-smothering  needle  litter  encourage  an  increase  in 
terrestrial  moss  cover.  As  moss  cover  expands  a  vertical 
partitioning  of  roots  occurs,  with  white  spruce  roots 
growing  in  the  moss  carpet  above  the  aspen  roots.  The  moss 
carpet  itself  intercepts  water  and  nutrients,  further 
restricting  the  downward  flow  to  aspen  roots.  Under  these 
conditions  white  spruce  is  again  favored. 

The  second  mechanism  involves  long-term  niche 
partitioning  below-ground  among  climax  species.  White 
spruce  and  balsam  fir  can  co-dominate  late-seral  and  climax 
upland  forests  in  the  Boreal  Mixedwood  Ecoregion  and 
adjoining  ecoregions  of  Alberta  (Achuff  and  La  Roi  1977). 
Both  species  have  horizontally  spreading  lateral  roots  which 
occupy  the  same  soil  horizons.  However,  the  tap-  and 
oblique  lateral  roots  of  fir  extend  much  deeper  than  any 
spruce  roots  on  medium-  to  coar se-textured  soils.  The 
differing  below-ground  distributions  of  spruce  and  fir  roots 
may  help  explain  how  the  two  trees  can  co-exist  on  such 
soils. 


Mueller-Dombois  and  Sims  (1966)  and  Parrish  and  Bazzaz 
(1976)  have  found  evidence  of  similar  below-ground  niche 
separations  in  co-existing  herbaceous  plant  populations. 
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The  deeper  penetration  of  balsam  fir  roots  may  explain 
why  the  rooting  depths  of  old-growth  spruce-fir  forests  on 
sand  is  generally  deeper  than  that  of  serai  aspen  or  jack 
pine  forests  in  the  study  area  (Strong  and  La  Roi  1983a). 
However,  restricted  downward  growth  of  balsam  fir  roots  on 
fine-textured  soils  could  reduce  the  compatibility  of  white 
spruce  and  balsam  fir  by  increasing  niche  overlap.  Forest 
interpretations  in  the  Prairie  Provinces  by  Rowe  (1956,  p. 
127)  support  the  hypothesis  that  balsam  fir  is  less 
competitive  than  white  spruce  on  fine-textured  soils  (cf. 
coarse-textured  soils).  It  is  noteworthy  that  Schultz 
(1969)  found  white  spruce  to  be  consistently  deep-rooted, 
even  on  fine-textured  soils,  in  the  upper  Great  Lakes 
region,  where  soil  moisture  is  generally  more  plentiful  than 
it  is  in  the  Boreal  Mixedwood  Ecoregion  of  Alberta.  The 
extent  to  which  these  geographically  correlated  variations 
in  rooting  behavior  are  climatically  or  genetically 
controlled  is  unknown. 


CHAPTER  IV 


SEASONAL  PLANT-SOIL  WATER  RELATIONSHIPS  IN  SELECTED  BOREAL 
FOREST  COMMUNITIES  OF  CENTRAL  ALBERTA  1 

ABSTRACT 


Plant  and  soil  water  potentials  were  measured  in  11 
forest  stands  which  were  thought  to  represent  four 
successional  sequences:  a  Jack  Pine  ( Pinus  banksiana  Lamb.), 
a  Black  Spruce {Picea  mariana  BSP.),  and  two  Aspen  {Populus 
tremul oides  Michx.)  Series.  Measurements  were  taken  on  72 
plants  of  21  species  at  4  day  intervals  from  early  May  to 
late  August,  1982.  Shallow-rooted  ericaceous  and/or 
evergreen  species  such  as  Vaccinium  myrtil 1 oides  Michx., 

I/,  v  it  is-  idaea  L.,  and  Pyrola  asarifol  ia  Michx.  had  the 
widest  range  of  water  potentials  during  the  summer,  whereas 
deep-rooted  Alnus  crispa  (Ait.)  Pursh  had  the  narrowest 
range  of  values.  Minimum  morning  (0700  hrs)  water 
potentials  ranged  to  -3.1  MPa.  Differentiation  among 
species  was  greatest  during  periods  of  maximum  water  stress. 

All  species  had  roots  within  the  upper  2  dm  of  the 
soil,  but  some  species  of  the  Jack  Pine  and  Aspen/Sand 
Series  had  roots  which  extended  to  23  dm  depth.  Moisture 
was  usually  more  available  in  the.  upper  2  dm  and  below  6  dm 
Submitted  to  the  Can.  J.  For.  Res.  in  early  January  1984. 
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in  the  soil.  The  void  of  soil  moisture  between  2  and  6  dm 
was  a  result  of  depletion  and  limited  downward  percolation 
of  precipitation.  The  11  stands  had  species  which  displayed 
similar  summer  water  potential  patterns,  but  the  rate  and 
magnitude  of  response  were  variable.  Aspen  and  jack  pine 
stands  growing  on  sand  contained  species  which  displayed  the 
greatest  variation  in  plant  water  potentials  due  to 
shallow-rooted  plants  such  as  Vaccinium  and  Pyrola  species. 

Observed  variations  in  rooting  depths  and  patterns  of 
plant  water  potential  are  thought  to  support  the  hypothesis 
that  niche  partitioning  occurs  among  co-existing  boreal 
forest  species.  Since  older  stands  seem  to  have  shorter  and 
less  severe  plant  and  soil  moisture  stress  it  appears  that 
succession  favors  plants  with  water-conserving  adaptations. 


» 
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INTRODUCTION 


Soil  moisture  is  an  important  edaphic  factor  that 
influences  the  growth  and  floristic  composition  of  most 
terrestrial  plant  communities.  In  the  boreal  forest  its 
influence  is  reflected  in  communities  that  range  from 
hygrophytic  Picea  mariana  (Mill.)  BSP.2  (Black  Spruce) 
through  mesophytic  Populus  tremuloides  Michx.  (Aspen)  to 
xerophytic  Pinus  banksiana  Lamb.  (Jack  Pine)  ecosystems. 

Soil  moisture  can  originate  from  several  sources,  but  ground 
water  and  precipitation  are  the  most  common  sources.  Most 
ecologists  are  familiar  with  the  recharging  effects  of 
spring  snowmelt  and  heavy  rainfall  on  the  availability  of 
soil  moisture.  However,  these  events  usually  occur  fewer 
than  four  times  per  summer  in  the  Boreal  Mixedwood  Ecoregion 
of  Alberta  (Anonymous  1 978-1 982a‘)  .  This  means  that 
sufficient  water  must  be  stored  in  the  soil  to  meet  plant 
community  demands  between  recharges,  and  water  losses  must 
be  regulated  by  individual  plants,  or  severe  deficits  may 
occur . 

Moisture  is  not  equally  abundant  throughout  the  soil 
profile  or  growing  season.  As  a  result  all  species  may  not 
be  equally  influenced  by  soil  moisture,  particularly  if  they 
have  different  below-ground  niches.  Most  have  adaptations 

2Vascular  plant  taxonomy  follows  Moss  (1959). 
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for  tolerating,  avoiding  and  compensating  for  water  stress 
(Larcher  1975;  Parker  et  al .  1982;  Strong  and  La  Roi  1983b). 
Their  ability  to  cope  with  water  stress  may  in  part 
determine  their  survivorship  and  abundance  as  forest  species 
and,  hence,  their  role  in  plant  succession. 

Work  by  Strong  and  La  Roi  ( 1983a, b)  within  this  study 
area  (See  Below)  has  shown  that  the  majority  of  plant  roots 
occur  within  2  dm  of  the  ground  surface.  This  suggests  that 
most  plants  are  dependent  upon  water  resources  at  or  near 
the  forest  floor.  However,  some  species  such  as  Populus 
tremul oidos ,  Pinus  banksiana,  and  Abies  bal samea  (L.)  Mill, 
have  vertically  descending  tap-  and  sinker  roots,  and 
obliquely  descending  lateral  roots  which  penetrate  the  soil 
to  depths  of  1-2  m.  Some  understory  species  have  similar 
root  system  adaptations  or  other  mechanisms  for  obtaining 
soil  water.  Such  traits  may  represent  adaptations  for  both 
survival  and  below-ground  resource  partitioning. 

The  objectives  of  this  research  were  to  determine  the 
(1)  summer  pattern  of  soil  water  potentials,  and  (2)  summer 
pattern  of  plant  water  potentials  for  21  important  vascular 
species  in  11  boreal  forest  stands.  This  analysis  will 
attempt  to  identify  from  what  sources  these  plants  obtain 
water  and  the  degree  of  water  deprivation  they  experience  in 
selected  forest  communities. 
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STUDY  AREA 


The  study  area  was  situated  in  central  Alberta  175  km 
north  of  Edmonton,  near  Lesser  Slave  Lake.  Some  of  its 
environmental  attributes  have  been  described  by  Strong  and 
La  Roi  ( 1983a, b)  and  La  Roi  and  Ostafichuk  (1984).  The  area 
possesses  many  ecological  characteristics  that  are  typical 
of  the  Boreal  Mixedwood  Ecoregion  (Strong  and  Leggat  1981) 
in  which  it  occurs. 

Eleven  study  plots  were  established.  '  Four  plots  (1-4) 
were  members  of  a  Jack  Pine/Sand  Series.  These  plots  were 
located  in  two  Pinus/Arctostaphylos/Cladina  stands  (Stands 
40  and  60  years  old),  a  P i nus/Al nus/Pl euroz ium  stand  (85 
years  old),  and  a  P i cea-Ab ies/Hyl ocom i urn  stand  (170  years 
old).  All  stands  had  well-drained,  sandy  textured,  Eutric 
Brunisolic  soils.  The  soils  in  Plot  4  graded  to  and 
included  Brunisolic  Gray  Luvisols. 

A  Black  Spruce/Organic  Series  (Plots  7  and  8)  was 
composed  of  a  55  and  122  year  old  stands.  The  younger  stand 
was  f lor i st ically  diverse  with  numerous  shrubs  and  forbs, 
and  Picea  mariana  <6  m  in  height.  In  contrast,  the  older 
stand  was  a  mature  P.  mar i ana/ PI euroz ium  community.  Soils 
beneath  these  two  stands  were  Organics,  although  Gleysols 
with  a  thick  peat  layer  occurred  in  the  older  stand. 
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An  Aspen/Sand  Series  was  composed  of  Plots  10,  9,  and 
4.  Plot  4  represents  the  potential  subclimax  stage  of  both 
the  Aspen  and  Jack  Pine/Sand  Series,  and  will  be  used  as 
such.  Populus  dominated  the  overstory  vegetation  of  Plots 
10  and  9,  and  formed  closed-canopy  forests.  These  stands 
were  40  and  79  years  in  age,  respectively.  Picea  glauca 
(Moench)  Voss  occurred  in  the  tall  herb  layer  (0. 1-0.3  m)  of 
Plots  10  and  9,  but  also  occurred  sporadically  in  the  tree 
canopy  layer  of  Plot  9.  Herbaceous  species  were  abundant 
and  shrubs  such  as  Prunus  pensylvanica  L.f.,  Amelanchier 
alnifolia  Nutt.,  and  Rosa  acicularis  Lindl.  were  >1  m  tall. 
Soils  were  well-drained,  sandy-textured,  aeolian  deposits 
classified  as  Eutric  Brunisols. 

Three  plots  (11,5,6)  composed  an  Aspen/Clay  loam 
Series.  These  plots  were  located  on  clay  loam  morainal 
deposits  overlain  by  20  cm  of  sandy  loam  outwash.  Plot  11 
was  the  youngest  stand  at  19  years  and  was  dominated  by  a  6 
m  tall  Populus  overstory.  Cal amagrost i s  canadensis 
(Michx . )  Beauv.  and  Aral i a  nudicaulis  L.  were  the  dominant 
understory  species.  Plots  5  and  6  were  later  successional 
stages  of  this  series.  Dates  of  origin  were  1910  and  1867, 
respectively.  The  understory  vegetation  in  Plot  5  was  less 
diverse  than  those  of  either  11  or  6.  Diversity  was  higher 
in  Plot  6  due  to  canopy  openings  created  by  the  toppling  of 
decadent  Populus  and  occasional  Picea  glauca .  Populus  had 
only  minimal  cover  in  Plot  6,  while  Picea  was  dominant. 


Viburnum  edule  (Michx.)  Raf.  and  Aral i a  were  common  in  both 
older  stands;  but  evergreen  vascular  species  and  mosses  were 
both  more  abundant  in  Plot  6.  All  stands  had  moderately 
well-drained  Gray  Luvisolic  soils. 

METHODS 

Meteorological  stations  were  located  near  the  N-S 
termini  of  the  study  area  ca.  14  km  apart.  Each  station  had 
a  Lambrecht  recording  hygrothermograph  in  a  Stevenson  screen 
at  standard  height  (1.5  m) ;  a  precipitation  gauge;  and  a 
Taylor  minimum/maximum  air  thermometer  (Model  No.  5458)  0.5 
m  above-ground  (See  Below).  in  addition,  a  set  of  minimum 
and  maximum  temperature  thermometers  (Manufactured  to 
Atmospheric  Environment  Service  standards  by  Zeal,  England) 
were  place  in  the  Stevenson  screen  to  calibrate  the 
thermograph  charts. 

A  Taylor  thermometer  and  oone  set  of  3  Coleman  blocks 
(electrical  resistance  cells  for  measuring  soil  temperature 
and  moisture)  were  installed  within  each  stand.  Most 
instruments  were  located  in  either  the  NE  or  SW  corner  of 
permanent  plots  established  by  La  Roi  and  Ostifchuk  (1982). 
All  Taylor  thermometers  were  mounted  on  wooden  stakes  50  cm 
above  ground  level  in  aluminum  shields  which  faced  north. 
Coleman  blocks  (Model  MC-310A,  measurements  with  Soil  Test 
Meter  Model  MC-300)  were  buried  at  7-10,  30,  and  70  cm  in 


' 


cm 


mineral  soils.  In  organic  soils,  blocks  were  placed  10 
above  and,  10  and  65  cm  below  the  surface  of  hollows  in 
hummocky  terrain.  Blocks  were  installed  by  coring  3 
vertical  3  cm  holes  to  within  a  few  cm  of  the  required 
depth.  A  block  was  embedded  vertically  into  the  soil  at  the 
bottom  of  each  hole,  the  holes  were  filled  with  the 
extracted  cores,  and  allowed  to  settle  for  one  year. 

Coleman  block  resistance  readings  were  converted  to  soil 
matrix  potentials  ($m)  using  a  calibration  curve  which 
consisted  of  the  log  «J»m  plotted  against  the  log  electrical 
resistance'  (Figure  6).  This  curve  was  constructed  in  a 
manner  similar  to  that  described  by  Colman  and  Hendrix 
(1949)  which  relied  on  the  use  of  ceramic  plate  extractor 

system.  All  electrical  resistance  values  were  standardized 
to  1 5 . 5  °C . 

Precipitation  was  measured  near  each  plot  or  pair  of 
closely  spaced  plots  with  2-liter  white  cylindrical  cans 
(12.5  cm  inside  diameter  opening)  mounted  0. 5-1.0  m 
above-ground  on  posts. 

Plant  water  potentials  (¥t  measured  as  xylem  pressure 
potential)  were  estimated  with  a  portable  Scholander-type 
pressure  chamber  (PMS  Instruments  Company)  at  each  sampling 
site.  Seventy-two  plants  (one  sample/species/stand), 
consisting  of  21  species,  were  selected  for  measurement,  all 
common  members  of  each  stand.  The  species  used  included 
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Figure  6.  A  Coleman  Block  Calibration  Curve  for  Converting 
Electrical  Resistance  to  Soil  Matrix  Potential 
in  Sandy  and  Sandy  Loam  Textured  Soils. 

Symbols  indicate  95%  confidence  limits  (i - 1), 

mean  (x),  standard  deviation  (s),  and  number 
of  samples  (n). 
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trees,  shrubs,  and  semi-woody  evergreens.  Samples  were 
usually  5-15  cm  in  length,  composed  of  twigs  with  attached 
leaves,  excised  from  the  upper  portion  of  each  plant,  and 
taken  in  a  manner  similar  to  the  guidelines  given  by 
Scholander  et  al .  (1965).  Sample  length  was  dependent  upon 
plant  stature.  An  attempt  was  made  to  collect  "normal" 
specimens  from  near  the  location  of  the  Coleman  blocks. 

Trees  >6  m  in  height  were  climbed  to  obtain  samples  from  the 
upper  half  of  the  tree  crown.  When  plants  (e.g.,  Pyrol a 
asarifolia  Michx.,  Cornus  canadensis  L.,  and  Mitel  la  nuda 
L.  )  were  small,  a  new  individual  was  selected  for  4*t 
measurement  every  4  days,  which  resulted  in  a  continuously 
enlarging  radius  for  sampling  due  to  a  localized  population 
depletion.  In  most  cases  the  plants  were  obtained  within  5 
m  of  the  designated  sampling  site. 

Due  to  the  geographical  separation  of  stands  and  the 
large  number  of  plant  samples,  it  was  necessary  to  develop 
diurnal  4»t  correction  curves.  Such  curves  allowed  direct 
comparison  of  species  at  a  standard  time  (0700  hrs). 

Diurnal  correction  curves  were  constructed  from  hourly 
measurement  of  *t  by  species  at  each  site  on  cloudless  days 
in  July  (Figure  7).  By  substracting  the  initial  morning 
pressure  (0700  hrs)  from  subsequent  hourly  readings,  a 
correction  for  increasing  ^t  with  time  was  possible 
(Appendix  II  contains  initial  data),  this  methodology 
allowed  the  estimation  of  $t  for  all  species  at  a  standard 
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Figure  7.  An  Example  of  a  Diurnal  Curve  (A)  and  Corrected  and 
Uncorrected  Plant  Water  Potentials  (B). 
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time,  because  it  was  impractical  to  obtain  these  data 
directly. 

In  addition,  *Pt  values  were  corrected  for  varied  solar 
radiation  intensity  due  to  cloud  cover  and  smoke.  These 
radiation  corrections  were  0.25,  0.5,  0.75,  and  1  for  >80, 
80-30,  30-10,  <10%  cloud  cover,  respectively.  These 
corrections  were  estimated  from  Belfort  actinograph  readings 
taken  at  the  Hondo  meteorological  station.  Such  corrections 
are  approximate,  based  on  the  assumption  that  transpiration 
rates  increase  with  increasing  radiation  intensity  (Sucoff 
1982).  Corrections  were  made  as  follows:  (Field  4>t  -  (^t 
Time  Correction  x  Radiation  Correction))  =  Estimated  4»t  at 
0700  hr s  Mountain  Standard  Time  (Figure  7).  All  Figures  and 
statistical  analyses  were  based  on  three-point  moving 
averages  (Spiegel  1961)  of  the  estimated  «f»t  values,  while 
reported  minima  were  based  on  estimated  4*t  values. 

Taylor  thermometers,  Coleman  blocks,  precipitation 
gauges,  and  plant  ¥t  were  read  at  4  day  intervals  from  May  6 
through  August  22,  1982.  The  plot  sampling  order  was  mixed 
continuously  throughout  the  summer  to  avoid  systematic  bias. 
Readings  were  taken  between  0600  and  1400  hrs  MST.  Plant  'Pt 
readings  were  discontinued  when  minimum  daily  air 
temperatures  fell  below  -2.2°C. 

To  determine  maximum  root ing  -depth ,  specimens  were 
selected  for  excavation  from  designated  plots  near  the 


sampling  sites.  Shovels,  hand  trowels,  dissecting  probes, 
and  forceps  were  used  for  excavation.  Sketches  and  notes 
were  made  of  root  positions,  types,  depths,  and  substrates. 

Soil  water-holding  capacity  (0.03  MPa  minus  1.5  MPa 
water  content)  for  mineral  soil  horizons  was  estimated  with 
porous  ceramic  plate  moisture  extractor  (Soil  Test).  Intact 
soil  samples  were  collected  in  copper  rings  (5.2  cm  I.D.  by 
2.5  cm  deep)  by  horizon,  sealed  in  plastic  bags,  and 
refrigerated  at  ca.  3°C  until  ready  for  processing.  Prior 
to  processing,  samples  were  masked  on  the  lower  surface  with 
a  fine-mesh  nylon  cloth  and  soaked  in  distilled  water  for  at 
least  24  hrs.  After  processing  samples  were  dried  at  105°C 
for  48  hrs.  The  water-holding  capacity  of  organic  horizons 
was  estimated  by  soaking  fresh  samples  in  water  for  24 
hours,  draining,  weighing,  drying,  and  reweighing.  Water 
content  was  expressed  as  percent  water  by  volume,  for  both 
organic  and  mineral  soils.  A  total  of  three  samples  per 
horizon  were  used  to  estimate  water-holding  capacity. 


RESULTS 


Temperature 

Summer  (May  through  August)  air  temperatures  in  1982 
averaged  12.4°C  at  the  two  meteorological  stations  based  on 
daily  measurements.  Maximum  air  temperatures  (32°C) 
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occurred  in  June,  but  highest  mean  temperatures  (20.4°C) 
occurred  in  July.  The  freeze-free  period  (-2.2°C  rather 
than  0°C  which  is  used  for  frost-free  period)  extended  from 
June  7  to  August  23,  i.e.  77  days.  This  period  was  27  days 
longer  than  that  measured  during  the  summer  of  1981  (La  Roi 
and  Ostaf ichuk  1 982 ) . 

Average  temperatures  at  50  cm  above-ground  ranged  from 
1.3  to  2 . 8 c C  higher  than  those  measured  in  the  Stevenson 
screens.  In  general,  open-canopy  sites  had  the  warmest 
extremes  while  closed-canopy  coniferous  stands  such  as  Plot 
4,  6,  and  8  were  coolest  (Tables  8  and  9). 

Temperatures  just  below  the  ground  surface  in  closed 
stands  ranged  from  7  to  9°C  cooler  than  air  temperatures  at 
50  cm  above  ground  level  (Table  9).  This  temperature 
difference  was  less  in  open  stands.  Mean  summer  soil 
temperatures  decreased  with  increasing  depth.  Maximum  soil 
temperatures  occurred  in  late  July  to  early  August.  Surface 
soil  horizons  exceeded  0°C  by  mid-May;  deeper  horizons  (70, 
65,  and  65  cm  in  Plots  4,  7,  and  8,  respectively),  however, 
did  not  thaw  until  late  June. 

In  general,  a  trend  of  decreasing  mean  summer  air  and 
soil  temperature  was  evident  with  increasing  stand  age 
(Table  9) . 


■ 


Table  8.  Monthly  Air  Temperature  (Stevenson  Screens)  and  Precipitation  Estimated  from  two  Meteorological 
Stations  during  the  Summer  of  1982. 
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Table  9.  Mean  Air  and  Soil  Temperature  (°C)  for 
Summer  (May  to  August,  inclusive)  of  1982  by  Plot  in 
the  Hondo- Lesser  Slave  Lake  Area. 


Locat i on 
or  Plot 
Number 


Mean  Air 
Temperature 
50  cm  Above 
Ground 


Mean  Soi 1 
Temperature 
by  Depth 
( cm) 


Plot 
Age 
( Years 


South 

15.0 

_ 

_ 

Station 

North 

14.3 

Station 

7-10 

30 

70 

cm 

cm 

cm 

Jack  Pine/Sand  Series 

1 

14.9 

10.2 

9.7 

8.3 

40 

2 

15.2 

10.5 

10.4 

8.7 

60 

3 

15.0 

6.2 

5.6 

5.1 

83 

4 

14.0 

5.9 

6.0 

4.7 

170 

Aspen/Sand 

Ser i es 

10 

15.  ia 

9.0 

9.  1 

6.9 

40 

9 

15. 5a 

7.5 

7.5 

5.9 

79 

4 

14.0 

5.9 

6.0 

4.7 

170 

Aspen/C  1  ay 

loam  Series 

1  1 

- 

- 

- 

- 

19 

5 

15.0 

7.4 

6.6 

5.7 

72 

6 

13.7 

5.7 

5 . 6 

3.8 

115 

+  10 

-10 

-60 

cm 

cm 

cm 

Black  Spruce/Organi c  Series 

7 

14.9 

5.9 

5.5 

1  .3 

55 

8 

14.3 

5.6 

4.  1 

2.3 

122 

May  mean  temperature  values  estimated  from 
thermometers  within  the  vicinity  of  plot  due  to 
partial ly  missing  data. 
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Precipitation 


Total  precipitation  averaged  246  mm  ( s= 16.3)  during  the 
May  to  September  period  based  on  10  recording  sites.  At  the 
southern  meteorological  station,  63%  of  this  precipitation 
fell  during  July  and  26%  in  August;  June  was  the  driest 
month  with  only  14  mm.  The  distribution  and  quantities  of 
precipitation  received  at  the  various  sampling  plots  during 
the  summer  of  1982  are  shown  in  Figures  8-12.  Approximately 
60%  of  the  total  summer  precipitation  fell  during  3  events 
which  lasted  <7  days.  The  heaviest  rain  during  a  24  hour 
period  netted  41  mm.  Frost,  dew,  and/or  rain  occurred  on 
86%  of  the  days  during  the  summer  of  1982.  Compared  with 
30-year  precipitation  normals  at  Slave  Lake  (Anonymous 
1982a),  the  nearest  long-term  meteorological  station, 
rainfall  in  the  study  area  and  at  Slave  Lake  were  higher 
than  normal  (Table  10).  However,  amounts  in  June  and  August 
were  lower  than  normal,  while  July  values  in  the  study  area 
were  almost  double  the  long  term  average  for  Slave  Lake. 

Convectional  precipitation  was  common,  but  gave  only 
small  amounts  of  sporadically  distributed  rainfall.  Major 
precipitation  originated  from  cyclonic  systems  and 
distributed  rainfall  more  evenly  through  the  study  area. 

Average  Plant  Water  Potentials  (^t) 

All  plots  had  similar  seasonal  Vt  patterns,  although 
individual  species  deviated  from  these  general  trends. 
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CM 


Figure  8.  Summer  Plant  Water  and  Soil  Matrix  Potential  (-MPa)  for  Plot  1  (A)  and  Plot 
(B)  of  the  Jack  Pine/Sand  Series. 


Figure  9.  Summer  Plant  Water  and  Soil  Matrix  Potential  (-MPa)  for  Plot  3  (A)  an 
Plot  4  (B)  of  the  Jack  Pine/Sand  Series. 
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Aspen/Clay  Loam  Series. 


PLANT  WATER  POTENTIALS  (-MPa) 


Figure  11 


Cone! uded. 


OfrTH  (cm)  PLANT  WATER  POTENTIALS  (  MPa) 


91 


Figure  12. 


Summer  Plant  Water  and 


Soil  Matrix  Potential 


( -MPa )  for 


Plot  10  (A)  and  Plot  9 


( B )  of  the 


Aspen/Sand  Seri es 


Table  10.  Summary  of  1982  Summer  Precipitation  (mm)  for 
Hondo  Sites  and  Slave  Lake  Towns ite. 


Study  Area 

Slave  Lake 

Slave  Lake 

1982 

1982 

1951-80 

May 

13.7 

21  .8 

10.6 

June 

14.2 

10.5 

43.9 

July 

154.7 

131.2 

79.5 

August 

63.8 

118.0 

87.6 

Total  (mm) 

246.4 

281.5 

221.6 

Values  in  early  May  were  high,  steadily  decreased  until  the 
latter  half  of  June,  then  increased  sharply  after  late  June 
when  precipitation  increased  (Figures  8  to  12).  The  June 
depression  was  followed  by  a  weaker  dry  episode  in  each 
subsequent  month.  Figure  8b  best  illustrates  the  June  4»t 
depression,  while  Figures  8b  and  11b  display  distinctive 
July  and  August  depressions. 

Plant  water  potentials  were  measured  for  6  tree 
species:  P i nus  banksiana,  Populus  tremuloidesr  Abies 
bal samea f  Picea  glauca,  P.  mar i ana  and  Larix  laricina  (Du 
Roi)  K.  Koch  (Larch).  The  lowest  ¥t  values  for  these  tree 
species  ranged  from  -1.0  to  -1.7  MPa  with  all,  except  Pinus 
banksiana  (Plots  1  and  2)  and  Larix  laricina,  occurring  in 
the  first  half  of  this  range.  Pinus  banks i ana  and  Abies 
bal samea  had  high  spring  4*t  values  that  decreased  steadily 
throughout  early  summer,  increased  in  early  July,  but  then 
fell  and  remained  depressed  during  July  and  August.  Picea 
glauca  tended  to  have  lower  spring  «i»t  values  than  Pinus 
banksiana,  although  their  late  summer  values  were  similar. 
Picea  mar  i  ana  and  Larix  laricina  had  similar  4>t  curves  on 
Plot  7;  however,  Larix  responded  earlier  and  more  strongly 
to  moisture  stress  then  did  P.  mariana .  »Pt  curves  for 
P.  mariana  were  more  variable  on  Plot  7  than  on  Plot  8 
(Figure  10a, b).  Populus  tremuloides  ^t  was  only  moderately 
affected  by  the  June  dry  period  on  both  the  sand  and  clay 
loam  sites  (Figures  11a,  12a).  However,  Populus  on  Plot  10 
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had  a  cyclic  4»t  curve  with  deeper  July  and  August 
depressions  relative  to  other  species  in  the  plot. 

AT nus  crispa  (Ait.)  Pursh  was  sampled  in  the  Jack  Pine 
(Plots  2  and  3)  and  Aspen/Sand  (Plots  10  and  9)  Series 
(Figures  8b, 9a, 12).  This  species  had  the  narrowest  *Pt  range 
(0.7  MPa)  and  the  highest  ‘i’t  values  of  the  13  species 
studied  m  the  Jack  Pine/Sand  Series.  In  the  Aspen/Sand 
Series  its  range  of  ‘Pt  values  was  1.2  MPa,  also  amongst  the 
lowest  in  Plots  10  and  9.  AT nus  ^t  values  averaged  -0.32 
and  -0.45  MPa  for  the  summer  in  the  Jack  Pine  and  Aspen 
Series,  respectively.  Only  in  Plot  9  (Figure  12b)  did  AT nus 
show  a  strong  response  to  the  June  dry  period  that 
characterized  most  plots. 

The  greatest  seasonal  fluctuations  in  4*t  were  exhibited 
by  ericaceous  and/or  evergreen  species  such  as  Vaccinium 
vitis-idaea  L.,  V.  myrt i 1 loides  Michx.,  Linnaea  boneaT  is  L., 
PyroT a  asarifoT  ia,  ArctostaphyTos  uva-ursi  (L.)  Spreng, 
Cornus  canadensis,  and  MiteTla  nuda.  Minimum  $t  values 
ranged  between  -1.5  and  -3.1  MPa  with  PyroT a  asarifoT  i a  at 
the  lower  extreme. 

Members  of  this  group  had  the  lowest  $t  values  of  the 
21  taxa  under  consideration  and  also  usually  the  lowest 
values  in  each  plot  (Figure  8a, 8b, 12b).  Exceptions  occurred 
on  moist  sites  where  ‘Pt  values  were  ameliorated  (e.g., 
Vaccinium  myrt i T Toides  and  V.  vitis-idaea  in  Plot  3).  in 
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addition,  this  group  showed  a  marked  depression  in  July  and 
August,  although  less  dramatic  than  the  June  depression 
period  which  lasted  almost  4  weeks  for  some  species  (Figure 
8a , b) . 

Rosa  acicularis,  Prunus  pensylvan ica,  Viburnum  edule, 
Lonicera  involucrata  (Richards.)  Banks,  and  Rubus  pubescens 
Raf.  occupied  an  ecological  position  intermediate  to  AT nus 
and  the  Vaccinium  group  based  on  minimum  4»t  values  and  curve 
position.  Some  of  these  species  had  4»t  patterns  which 
differed  from  the  normal  trends  of  the  plot.  For  example, 

4>t  values  of  Rubus  pubescens  increased  during  early  June 
(Plot  3),  and  progressively  decreased  in  late  summer  (Plot 
5).  Minimum  $t  values  were  -1.0  to  -1.5  MPa  and  4»t  patterns 
were  variable. 

Rosa  acicularis  had  very  similar  *i»t  curves  on  a  variety 
of  sites,  despite  differences  in  edaphic  and  biotic 
conditions.  This  shrub  displayed  considerable  morphological 
plasticity,  including  changing  proportions  of  its  above-  and 
below-ground  biomass.  For  example,  deep  sinking  taproots 
and  dwarfed  shoots  were  characteristic  of  Rosa  on  sandy 
soils  (Plots  1  and  2),  while  shoots  were  well-developed  and 
below-ground  biomass  was  minimal  on  clay  loam  soils. 
Amelanchier  alnifolia  showed  similar  shifts  in  rootrshoot 
ratios  from  xeric  to  mesic  sites. 
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Ledum  groenl and icum  Oeder  occurred  on  both  plots  of  the 
Black  Spruce/Organic  Series  (Figures  10a, b).  Its  ‘Pt  values 
were  generally  lower  on  Plot  7  and  equal  to  or  less  negative 
than  those  of  Picea  mar i ana. 

Rooting  Depth  and  Minimum  *Pt 

Species  of  the  11  plots  were  classified  and  graphed  on 
the  basis  of  maximum  observed  rooting  depth  and  minimum 
(i.e.  most  negative)  morning  ^t  values.  Rooting  depths  were 
divided  into  three  categories  ( 0  ~  2  0 ,  20-60,  and  >60  cm)  as 
were  morning  4»t  values  (0  to  -0.5,  -0.5  to  -1.5,  and  >-1.5 
MPa).  The  first  4»t  division  included  those  species  which 
are  capable  of  nocturnally  regaining  or  maintaining  high  $t 
values  despite  environmental  conditions.  In  contrast, 
species  in  the  third  category  could  not  recover  overnight 
from  previous  moisture  deficits  and  must  tolerate  further 
water  losses.  Species  in  the  middle  category  had 
intermediate  responses.  The  three  depth  categories 
represent  different  positions  in  the  soil:  near-surface 
organic  and/or  mineral  substrates,  middle  and  lower  solum. 
Plants  can  be  separated  into  9  categories  based  on  these  two 
variables.  This  approach  represents  an  extension  of  work  by 
Waring  (1969)  who  used  ^t  as  an  indicator  of  moisture  stress 
in  community  interpretations. 
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Figure  13  graphically  summarizes  the  relationship 
between  minimum  «Pt  values  and  rooting  depth.  Alnus,  Pinus, 
Rosa,  Anctostaphyl os ,  and  Abies  were  the  deepest  rooted 
species  in  the  Jack  Pine/Sand  Series.  A1 nus  had  the  highest 
(i.e.  least  stressed)  morning  4»t  values  and  Anctostaphyl  OS 
had  the  lowest  *J»t  values  of  the  deeply  rooted  species. 

Picea  glauca  and  Viburnum  edule  were  rooted  in  the  middle 
solum  and  had  minimum  morning  4»t  values  which  fell  between 
-0.75  and  -1.5  MPa.  The  lowest  *J*t  values  in  the  Jack 
Pine/Sand  Series  were  observed  for  a  number  of  shallowly 
rooted  ericaceous  and/or  evergreen  species:  Pyrola 
asarifol ia,  Vaccinium  myrtil loides,  and  V.  vitis-idaea .  The 
lowest  values  were  recorded  on  open-canopied  plots  (e.g.,  1 
and  2 ) . 

The  Aspen/Sand  Series  had  more  extreme  Vt  values  than 
the  Jack  Pine/Sand  Series  (Figure  13).  Pyrola  asarifol ia, 
Cornus  canadensis,  and  V .  vitis-idaea  were  the  most  severely 
depressed  with  Pyrola  reaching  -3.1  MPa.  These  and  other 
shallowly  rooted  plants  such  as  Rubus  pubescens, 

V.  myrt  i  1  loides,  and  Linnaea  borealis  had  Vt  values  in  the 
-1.5  to  -2.2  MPa  range.  Amel anchier  was  rooted  to  37  cm  in 
Plot  9  and  had  a  morning  ‘Pt  minimum  of  ca.  -2.0  MPa. 

Species  in  the  deep-rooted  group  tended  to  have  $t  values 
similar  to  those  in  the  Jack  Pine/Sand  Series.  A1 nus  was 
more  stressed  on  the  Aspen/Sand  sites  than  Jack  Pine/Sand 
sites,  despite  its  deep  rooting  on  both. 
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On  the  Aspen/Clay  loam  Series  shallow-rooted  species 
such  as  Pyrola  asarifol  \a,  Mitel  la  nucha,  Linnaea  borealis, 
Rubus  pubescens,  and  Cornus  canadensis  had  minimum  «Pt  values 
which  ranged  from  -1.0  to  -2.0  MPa.  P.  glauca,  Abies, 
Lonicera  i nvol ucrata,  and  Viburnum  were  rooted  in  the  20-60 
cm  depth  range,  and  had  4»t  morning  extremes  between  -1.0  and 
-1.5  MPa.  When  these  species  occurred  in  both  the  Sand  and 
Clay  loam  Series,  they  were  usually  positioned  close  to  each 
other  in  Figure  8. 

Plants  of  the  Black  Spruce  Series  had  $t  values  amongst 
those  of  the  Jack  Pine  and  Aspen  Series  (Figure  13).  Picea 
mariana,  V.  vit is-idaea,  and  Ledum  had  $t  extremes 
comparable  to  those  of  Picea  glauca.  Larix  had  «I*t  values 
comparable  to  those  of  V.  myrt i 1 loides,  Cornus  canadensis, 
Linnaea  borealis  on  the  Jack  Pine/Sand  Series.  No  species 
were  found  in  any  Series  within  the  0  to  -0.5  MPa  ^t 
category  at  any  depth.  Rooting  depths  were  limited  to  the 
upper  40  and  60  cm  of  the  Black  Spruce  and  Aspen/Clay  loam 
Series,  respectively,  due  to  restrictions  in  the  soil. 

Soil  Matrix  Potential  (4»m) 

Soil  moisture  was  usually  most  abundant  below  60  cm  and 
above  30  cm  in  mineral  soils.  This  pattern  of  moisture 
distribution  was  disrupted  by  the.  June  moisture  deficit 
which  reduced  ^m  values  below  -1.5  MPa  near  ground  level  and 


sometimes  at  depth  (Figures  8b  and  9a).  The  duration  of 
this  deficit  ranged  from  5-6  weeks  for  Plot  2  to  <2  weeks 
for  Plot  4.  July  precipitation  partially  recharged  soil 
moisture,  particularly  in  the  upper  30  cm  of  the  solum.  4*m 
values  in  the  30  to  60  cm  depth  range  were  usually  <-1.5  MPa 
from  late-May  to  September. 

In  the  Black  Spruce/Organic  Series,  ¥m  values  were 
between  0  and  -0.1  MPa  below  the  water  table  level 
throughout  the  summer  (zero  cm  depth  line  in  Figure  9). 

Plot  7  had  a  progressive  moisture  decrease  in  the  upper  25 
cm  of  the  soil  profile  until  late  June  and  remained  between 
-0.5  and  -1.5  MPa  during  July  and  August.  Moisture 
availability  in  Plot  8  was  low  during  May  due  to  the  frozen 
ground,  but  was  more  available  from  June  through  August. 

All  plots  received  similar  precipitation  amounts  during 
the  latter  half  of  summer,  but  the  effective  amounts  were 
not  identical.  For  instance,  precipitation  had  little 
effect  on  surface  (0-30  cm  depth)  *Pm  values  of  Plot  2, 
although  4»m  values  below  60  cm  increased  from  <-0.5  to  >-0.1 
MPa,  while  4»m  values  remained  below  -1.5  MPa  between  30  and 
60  cm.  On  the  Aspen/Clay  Loam  Series,  precipitation 
resulted  in  the  recharging  of  the  entire  soil  profile. 


Soil  water-holding  capacity  was  greatest  near  the 
ground  surface  and  decreased  with  -  increasing  depth  from  ca. 
15  to  6%  by  volume  in  the  Jack  Pine  and  Aspen/Sand  Series, 


. 
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probably  as  a  result  of  decreasing  organic  matter  content. 

In  contrast,  the  sandy  loam  overlay  of  the  Aspen/Clay  Loam 
Series  had  a  water-holding  capacity  of  ca.  25%;  whereas  the 
morainal  deposits  were  <15%.  The  thick  moss  carpets  of 
Plots  3,4,6,  and  8  and  organic  litter  of  other  plots  had  a 
greater  capacity  than  the  mineral  soil.  Values  for  these 
substrates  ranged  from  36-59%  for  mosses  to  27-32%  for 
deciduous  leaf  litter. 

Plant  4*t  Correlations 

Moving  average  plant  *Pt  values  were  regressed  and 
correlated  against  four  moisture  variables  (3  soil  depths 
(4»m)  and  precipitation  amounts)  in  an  attempt  to  identify 
moisture  sources  used  by  plants.  It  is  to  be  expected  that 
about  14  of  the  288  partial  coefficients  (r)  of  the  multiple 
correlation  in  the  Table  11  will  be  statistically 
significant  at  the  0.05  probability  level  even  if  the  null 
hypothesis  were  true,  but  in  fact,  57  coefficients  were 
significant  at  that  level.  An  additional  20  coefficients 
were  significant  at  the  0.10  probability  level. 

Approximately  half  of  all  significant  coefficients  were 
negative.  Sixty  percent  of  the  72  multiple  correlations 
were  significant  at  P<0.05  level. 

Seven  species  were  significantly  and  primarily 
correlated  with  precipitation  values;  Linnaea  borealis  (Plot 


. 


. 


■ 


1  02 


t. 

0) 


* 

* 

* 

* 

* 

* 

* 

* 

4 

* 

* 

* 

* 

* 

* 

4 

* 

* 

4 

CN 

0) 

ID 

CO 

CD 

**- 

o 

■*- 

h* 

■*- 

CN 

CN 

o 

o 

0 

CO 

CD 

CD 

CO 

CN 

CD 

^r 

CD 

r- 

LD 

ID 

CD 

CD 

ID 

in 

00 

cl 

O 

o 

O 

C 

O 

O 

o 

O 

O 

O 

O 

C 

c 

O 

6 

o 

o 

■o 

c 

a 


E 

E 


C 

O 


o 

r- 


* 

* 

* 

CO 

+ 

CD 

w 

CO 

CD 

CN 

o 

ID 

CD 

O 

OI 

T- 

^4 

o 

CN 

CO 

O 

▼- 

Tfr 

f— 

CN 

CN 

O 

CN 

T— 

CN 

O 

O 

o 

i 

o 

o 

O 

o 

o 

O 

o 

O 

o 

i 

o 

O 

o 

o 

o 

a 

* 

CO 

■*- 

o 

CO 

co 

CN 

0) 

«r- 

*- 

u 

<4 

CN 

CN 

CO 

a) 

o 

O 

o 

£. 

CO 

L 

o 

o 

i 

1 

O  i  i  i  i 

i  i  i  O  i 

O 

c 

a) 


o 

a 


c 

rc 


E 

O 


W 

fr— 

CL  O 

CO 

* 

0) 

CO 

or 

O) 

o 

4 

0) 

CT) 

4 

CN 

^4 

4 

0) 

*4 

v 

CD 

LU  ■»" 

CO 

CO 

<4 

O 

■* — 

CO 

CO 

CO 

CN 

TT 

CN 

CO 

co 

o 

CN 

CD 

O  1 

* 

r-  L. 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

l  c 
a  o 


0) 

— 

CO 

CN 

CN 

o 

0) 

CO 

00 

CD 

CN 

■H 

U  -H 

o 

in 

"T— 

CO 

LD 

T— 

CN 

T- 

*— 

CO 

CN 

CO 

(0 

0)  CD 

■*— 

O 

CN 

o 

-T- 

3 

L.  "H 

CL  —  L. 

o 

o 

o 

1 

o 

o 

o 

i 

o 

1 

O 

o 

1 

o 

1 

o 

1 

o 

1 

O 

i 

o 

o 

o 

1 

C 

1 

to 

c 

o 


E  OI 

3  C 

e  -  r 

-M  -H  « 

x  o  a  e 

ffl  O  01  u 

s  a.  a  w 


in  <d  o  O  O  O  O 

cdcncno  to  ■>-  W  TJ- 


O  O 

in  to  in  O 
to 


O 

to 


TO 

£- 

L 

0 

o 


> 

< 

O 

> 

i— t 

CL 

< 

—1 

m 

3 

CD 

< 

2 

> 

CJ 

CJ 

o 

< 

CL 

*—< 

o 

< 

< 

— ) 

o 

(— I 

> 

< 

CL 

CL 

> 

> 

< 

CJ 

CL 

CL 

TO 

a 


r- 

in 

to 

to 

to 

3 

L. 

TO 

CD 

L. 

TO 

CD 

2 

3 

V 

CD 

D 

T3 

CD 

m 

1 

•r* 

CD 

1 

CD 

*0 

r 

CD 

0 

*0 

TO 

0 

■o 

C 

4-* 

> 

> 

•— 

-r- 

to 

CD 

CD 

a 

3 

r-r 

1 

D 

i — 

1 

0) 

CD 

in 

in 

CD 

to 

-r- 

in 

tn 

CD 

*— 

in 

o 

to 

in 

c 

f* 

+J 

*r- 

to 

C 

f- 

4-> 

C 

C 

0 

•*- 

L. 

0) 

0) 

o 

CD 

L. 

£. 

-H 

o 

CD 

£. 

(L 

■H 

TO 

CD 

4- 

L. 

'w' 

r— 

**— 

CD 

> 

CD 

r — 

TO 

> 

-T- 

CD 

TJ 

■»»- 

TO 

CD 

0) 

L 

> 

W 

*— 

E 

> 

a 

> 

in 

>— 

E 

> 

a 

TO 

in 

U 

L. 

»— 

•— 

t. 

0) 

r 

3 

in 

r 

3 

in 

C 

3 

CD 

3 

CD 

£ 

in 

CL 

C 

U 

E 

E 

**- 

a 

c 

U 

E 

E 

-f- 

TO 

c 

TO 

in 

O 

**“ 

»- 

CD 

CD 

3 

3 

L . 

TO 

CD 

T- 

3 

3 

L. 

O 

CD 

r— 

CD 

-f- 

in 

TJ 

•H 

n 

0 

T- 

U 

3 

o 

0 

a 

D) 

u 

L. 

■h  Q) 

c 

W 

CD 

C 

C 

to 

TO 

C 

C 

to 

CD 

CD 

CD 

(0  - 

TO 

0 

in 

*»- 

*»“ 

in 

0 

in 

f- 

in 

3 

in 

TO 

r— 

CL 

a 

(/> 

■H 

3 

CD 

u 

0 

3 

3 

TO 

o 

o 

3 

C 

3 

TO 

0 

CD 

to  to 

N 

o 

C 

in 

u 

u 

C 

u 

C 

(0 

u 

u 

C 

L 

C 

O 

L. 

in 

-  a 

TO 

C- 

**- 

0 

TO 

CD 

• — 

£_ 

•*- 

O 

TO 

CD 

*— 

O 

f- 

> 

0 

to  in 

c 

< 

CL 

CL 

> 

> 

< 

< 

CL 

a. 

> 

> 

< 

O 

CL 

D. 

CL 

CL 

to  c 
-  0) 
J2  +j 

(0  o 

k  a. 


o 

a 


J£ 

u 

TO 

x> 


CN 


CO 


' 


DEPTH  (cm) 


103 


* 

* 

* 

^r 

LD 

00 

c- 

CP 

ID 

CP 

CO 

a 

o 

o 

O 

O 

O 

o 

4 

O) 

o 

O 

CM 

CO 

a> 

CM 

CM 

o 

w 

r-* 

c_ 

O 

o 

c 

o 

O 

o 

o 

oo 

CP 

CO 

o 

C 

O 

o 

CO 

L. 

1 

1 

o 

i 

o 

1 

* 

* 

* 

ID 

* 

O 

r- 

CD 

ID 

o 

▼- 

in 

O 

CM 

CP 

ID 

i 

o 

O 

O 

O 

o 

i 

O 

4 

4 

CP 


* 

00 


CM 


O 


CM 

LD 


CO 

CO 

o 

I 


*  * 

r-  *»- 


ID 

o 


4 

* 

* 

* 

4 

* 

4 

* 

* 

* 

4 

CP 

CM 

O 

ID 

^r 

CD 

t- 

ID 

CP 

r- 

00 

ID 

r- 

co 

r- 

o 

O 

O 

o 

O 

O 

o 

O 

4 

CO 

* 

CD 

90 

in 

4 

CM 

CM 

CO 

o 

^r 

O 

o 

o 

i 

O 

i 

o 

i 

o 

C 

* 

* 

* 

4 

00 

o 

CO 

00 

CM 

ID 

CO 

O 

o 

o 

o 

4 

* 

CD 

c 

o 

T- 

in 

CO 

co 

o 

O 

o 

o 

I  I  I  I 


* 

4 

4 

* 

4 

4 

ID 

CO 

LD 

CP 

CM 

r- 

r-* 

ID 

O 

O 

O 

O 

4 

4 

4 

4 

01 

T- 

00 

m 

4T 

o 

o 

O 

O 

o 

1 

i 

i 

I  c 
a  o 


**- 

T- 

CM 

LD 

CO 

ID 

U  -H 

o 

CM 

CM 

u> 

CM 

CM 

o 

d)  ro 

•t— 

o 

L.  -M 

o 

o 

O 

o 

O 

CL  •»-  L. 

1 

1 

1 

o 

1 

1 

o 

4 

4 

4 

4 

4 

4 

4 

4 

CD 

O 

4T 

LD 

•*- 

00 

CM 

0) 

CO 

CP 

CO 

0) 

LD 

CP 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 

1 

1 

1 

1 

o 

1 

1 

i 

E  O) 

3  c 
e  -  r 

**“  -H  ^ 

x  o  a  e 
cd  o  (D  o 
saow 


CD  O 

0)  CO  CM 


00 


CP 


CM  Or¬ 

eo  O)  LD  O)  CM 


D 

< 

o 

Q 

CL 

oa 

DO 

LU 

Z) 

CO 

»— i 

t— i 

CL 

< 

_l 

> 

cn 

<D 

T> 


(0 

a) 

<d 


0 

■0 

(0 

F— 

-T- 

in 

ID 

X 

(d 

F» 

1 

-F- 

10 

•F- 

w 

o 

•F- 

01 

1" 

in 

in 

in 

in 

-r- 

3 

cn 

10 

c 

T- 

10 

C 

a> 

a) 

C 

<— 

0 

-r- 

c 

a) 

X 

■H 

® 

(D 

(0 

1— 

0 

<d 

0 

4- 

L. 

0 

*0 

o 

> 

*F- 

E 

X 

a> 

<0 

3 

X 

X 

d) 

> 

(0 

(0 

*r— 

cd 

0 

0; 

® 

E 

> 

(0 

0 

X 

u 

X 

0) 

(0 

c 

X 

o 

C- 

r— 

in 

3 

in 

in 

c 

0 

3 

0) 

in 

c 

0 

■*- 

3 

3 

(d 

D 

<D 

C 

Xl 

E 

E 

F— 

(0 

X 

(0 

10 

JD 

C 

(0 

(/] 

U 

X 

3 

3 

3 

(0 

u 

F— 

E 

E 

o 

(0 

r— 

(d 

3 

Lj 

01 

a 

-F- 

~r~ 

X 

(0 

O) 

3 

10 

<d 

X 

(0 

O) 

u 

a 

c 

a> 

i 

c 

c 

in 

0) 

C 

0 

in 

d) 

Q) 

F— 

(d 

(d 

0 

-t— 

10 

*F— 

•T~ 

in 

3 

<0 

(0 

X 

—I 

3 

<d 

o 

F— 

a 

r— 

10 

CJ 

u 

3 

o" 

o- 

C 

c 

01 

3 

X 

C 

<u 

ai 

0 

co 

3 

0) 

X 

u 

o 

c 

0 

X 

> 

X 

c 

c 

■H 

0 

L. 

CD 

X 

a 

3 

10 

10 

X 

0 

-FF.F 

-F- 

-F- 

ID 

0 

f- 

0 

•^F 

•w 

> 

0 

3 

in 

oc 

> 

> 

< 

o 

a- 

> 

■ — 

o 

_J 

X 

2 

a. 

CL 

CL 

DC 

•*- 

CJ 

n 

<d 


c 

d) 

a 

(/) 

< 


LD 


Viburnum  edule  25  -0.15  -0.06  0.34  -0.58**  0.64+ 


• 

DEPTH  (cm) 


1  04 


l  c 


a  o 

•f 

+ 

co 

o 

ro 

o 

T- 

10 

10 

U  -H 

CD 

CM 

CN 

CO 

a>  to 

L.  4-* 

CL  —  L. 

o 

1 

O 

1 

o 

1 

o 

1 

o 

1 

o 

1 

o 

1 

* 

+ 

* 

* 

CD 

o 

lO 

o 

o 

h- 

05 

,3' 

h- 

CO 

"T— 

CM 

CO 

10 

■M— 

O 

to 

o 

CM 

O 

o 

O 

O 

o 

c 

6 

O 

o 

o 

1 

1 

1 

i 

i 

1 

1 

i 

E  O) 

3  C 

E  -  JC 


x  o  a  e 
to  o  a;  u 
s  cl  o  w 


o  CM 

■3-  co  u)  m  cr> 


O 

in  05 


•<t  in 

■■-  CM 


CM 

o 


o 


u> 


o 

h- 


0) 

t" 


U) 


O  CM 

O)  CM 


CL 

LU 

K 

CL 

O 

cl 

Q. 

CL 

© 

£_ 

CO 

© 

"O 

— - 

CO 

— • 

10 

U 

**“ 

-r- 

(A 

c 

-T- 

w 

T - 

3 

•— 

© 

tn 

**- 

O 

ro 

(A 

© 

<0 

c 

1— 

r- 

0 

c 

© 

C 

r— 

r— 

> 

0 

t- 

c 

© 

© 

<0 

o 

4- 

© 

© 

CO 

3 

* — 

4- 

L 

© 

X) 

E 

V 

© 

> 

CO 

© 

**- 

a 

3 

CO 

■D 

CD 

E 

> 

•»- 

co 

0 

CD 

<C 

© 

L. 

c 

*U 

u 

C- 

in 

"D 

a 

© 

C. 

© 

© 

L. 

© 

3 

m 

c 

O 

3 

3 

(0 

© 

© 

U) 

(A 

C 

0 

C 

c 

CO 

3 

© 

C 

r— 

© 

£ 

C 

© 

w 

£ 

CD 

*r- 

© 

n 

■H 

© 

(A 

U 

£ 

•— 

© 

o 

a 

CO 

3 

E 

-r- 

L. 

0 

a 

CO 

3 

■i-i 

© 

£ 

(0 

£. 

<0 

D) 

a 

3 

L 

0 

CO 

© 

u 

a 

c 

© 

in 

© 

© 

»— 

(0 

C 

CD 

10 

CD 

3 

© 

<0 

CO 

0 

■*- 

© 

3 

TO 

0 

r— 

© 

r— 

in 

i. 

00 

ca 

3 

CO 

3 

r— 

© 

o 

O 

© 

C 

C 

—■ 

(D 

© 

0 

3 

3 

3 

C 

c 

3 

C 

0 

CO 

3 

a> 

•*- 

L. 

C 

c 

■H 

O 

L. 

.Q 

£ 

V 

C 

L. 

c 

a 

3 

£- 

in 

.O 

a 

12 

0 

o 

**“ 

-r- 

> 

3 

f- 

C 

*— 

O 

**“ 

0 

£- 

> 

0 

3 

■*- 

«/> 

< 

(J 

_l 

0. 

CL 

<X 

> 

CO 

< 

V 

_J 

a 

a 

CL 

CL 

o: 

T“ 

LO 

\ 

a) 

c 

i— 

0) 

£ 

0 

a 

© 

*— 

CA 

o 

h— 

CL 

U> 

< 

Table  11.  Continued. 


105 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

CD 

(X) 

r- 

o 

CD 

•*“ 

CM 

CD 

TT 

in 

if) 

•*- 

CM 

h* 

CO 

r- 

CO 

CD 

r^ 

CO 

h* 

CM 

CO 

a 

O 

o 

o 

O 

O 

o 

o 

o 

O 

O 

C 

O 

O 

o 

O 

* 

* 

* 

* 

* 

* 

* 

* 

•* 

* 

h- 

CD 

^3- 

* 

* 

+ 

* 

■* 

* 

* 

* 

CO 

in 

CD 

in 

<3" 

in 

CD 

in 

o 

f- 

o 

o 

CM 

CD 

•*- 

CD 

in 

CO 

CO 

in 

u> 

r- 

u> 

o 

CM 

CD 

O 

O 

O 

o 

C 

L. 

i 

1 

i 

o 

O 

O 

o 

O 

o 

C 

6 

o 

O 

C 

i 

* 

* 

* 

+ 

CO 

in 

CO 

■*- 

CD 

CD 

CO 

h- 

in 

CO 

in 

CM 

O 

o 

T- 

in 

CM 

-f— 

CO 

in 

CM 

CM 

«T— 

o 

O 

O 

O 

o 

o 

o 

O 

O 

O 

o 

O 

CO 

L.  1 

i 

o 

O 

i 

O 

1 

1 

1 

i 

i 

1 

1 

i 

o 

E 

U 


I 


* 

CO 

•f 

CM 

in 

CL  O 

in 

•^r 

CM 

CO 

CM 

LU 

O  1 

o 

■*3- 

o 

O 

r- 

L. 

o 

o 

1 

O 

1 

i 

* 

+ 

* 

co 

o 

* 

co 

▼- 

TT 

CM 

CO 

o 

co 

CM 

CM 

o 

o 

CD 

O 

O 

o 

o 

O 

o 

O 

i 

1 

1 

o 

1 

i 

O 

l  c 

a  o 

CO 

CM 

CM 

0) 

r- 

CO 

o 

o 

CD 

o 

r- 

O  -H 

O 

CM 

**- 

CM 

CM 

*r- 

o 

C 

T“ 

CM 

CM 

o 

CM 

O 

a)  co 

o 

£-  +-* 

O 

o 

d 

O 

o 

o 

o 

o 

O 

o 

o 

O 

o 

O 

Q.  —  t. 

i 

1 

i 

1 

1 

o 

■  1 

1 

1 

i 

1 

i 

i 

1 

i 

E  D) 

3  C 

e  —  r 

T-  -W 

X  O  CL  E 
ffl  O  HI  o 
2  a  d  w 


ID 

co  o  r- 
cn  cm  co 


O 

O  in  n 

in  MJ-  CM 


O 

r~  O 


in 


<s>  CM 


< 

2 

< 


10 

10 

a) 

CO 

CO 

ai 

CD 

■o 

0) 

-r- 

T5 

a> 

T- 

(0 

f— 

(0 

•w 

(0 

0 

•0 

0 

o 

O 

■D 

r- 

**- 

4- 

in 

T- 

CO 

-*- 

1 

■*» 

in 

c 

T- 

l 

-»- 

in 

c 

in 

-T- 

(0 

f— 

in 

10 

-r- 

<D 

»— 

c 

r— 

> 

0 

-t- 

c 

+» 

ai 

L. 

r— 

<0 

0) 

(0 

1 — 

4- 

i- 

0) 

L. 

> 

-r- 

3 

CO 

T3 

0) 

(D 

> 

•»“ 

to 

o 

> 

3 

E 

> 

V 

a 

L. 

(0 

t_ 

0 

10 

c_ 

»— 

in 

E 

> 

T3 

0) 

10 

0) 

C 

0 

3 

c 

CO 

3 

0) 

Q) 

E 

E 

f- 

co 

.Q 

(0 

0) 

w 

U 

r> 

E 

E 

3 

3 

E 

1- 

r 

o 

r— 

a 

(0 

t- 

3 

3 

3 

E 

(0 

i— 

f- 

3 

u 

0 

ID 

D) 

o 

a 

-^* 

3 

<D 

C 

c 

C 

c 

in 

Q) 

in 

(0 

CO 

C 

C 

C 

~r— 

*»— 

•f 

£. 

w 

CO 

3 

(0 

(D 

3 

f— 

(0 

■r- 

L. 

a 

o 

0 

3 

3 

*— 

C 

c 

0) 

C 

0 

CO 

3 

V 

o 

3 

a> 

0 

u 

1 2 

C 

(D 

£_ 

c 

U 

3 

L. 

cn 

XJ 

u 

0 

X! 

Q. 

(0 

ca 

•r- 

• — 

E 

O 

-T- 

£. 

> 

0 

3 

CD 

CD 

CO 

> 

> 

> 

< 

< 

C3 

_) 

a. 

a 

a 

d: 

Ct 

> 

> 

> 

4-1 

- 

0 

r— 

Q . 

CD 

Table  11.  Concluded. 


1  06 


* 

* 

* 

* 

* 

* 

CO 

CO 

Is- 

o 

u> 

CO 

00 

n 

o 

o 

o 

o 

d 

o 

o 

t"  L.  Ill 


y- 

•f 

ai 

o 

CO 

CO 

co 

•CM 

o 

CO 

o 

o 

o 

1 

O 

o 

o 

o 

o 

i 

E 

u 


I 

* 

* 

+ 

H 

* 

* 

CN 

O) 

a> 

CL  O 

y~ 

CO 

CO 

y- 

LU  — 

CO 

CO 

O  1 

o 

o 

o 

r- 

r 

O 

o 

O 

i 

1 

1 

I  c 
a  o 


CO 

to 

CO 

oi 

■sr 

r- 

y~ 

o 

CO 

CO 

o 

o 

o 

O 

o 

O 

o 

1 

1 

1 

1 

i 

e  D) 
d  c 
e  -  r 
■»-  *-•  +> 

X  O  Q.  E 

ro  o  a)  u 

2  a  o  w 


r- 

CM 


!*- 

CM 


CM 


CM 


<S> 

CM 


< 

cl 

< 

_j 

O 

< 

LU 

►H 

— J 

_J 

CL 

* 

* 


S5 

in 


n 

* 


to 

0) 

0 

0) 

a 

l/l 


in 

0) 

s. 

0) 

I/) 


c 

ro 

ai 

L. 

O 

\ 

0) 

o 

D 

£- 

a 

co 


ro 

0) 


E 

E 

TO 

II 

D 

D 

*0 

0 

a 

**- 

+ 

•r— 

l 

b 

b 

0) 

TO 

C 

c 

**- 

a 

c 

a 

(0 

(0 

(0 

•H 

c 

T- 

i— 

c 

r— 

c 

ro 

u 

c 

(0 

C 

(0 

> 

o 

T~ 

ai 

»■ 

ai 

•*- 

L. 

0 

£_ 

o 

L 

E 

H- 

TO 

c 

(0 

£- 

(0 

D 

•*- 

*— 

D) 

E 

O) 

E 

•»- 

c 

C 

01 

X 

E 

TO 

E 

TO 

*r- 

•*- 

•»- 

Z! 

0) 

b 

0) 

u 

(/) 

L 

b 

0 

b 

u 

u 

TO 

a) 

-T— 

0) 

T- 

TO 

‘t- 

-J 

_i 

a 

_J 

a 

> 

0 

o 

a 


a 

<o 

CO 


CO 


ai 

> 

(U 


5),  Mitel  la  nuda  (6),  Pyrola  asari folia  (3,5,6),  Cornus 
canadens is  (5,6),  A1 nus  cr ispa  ( i 0 ) ,  Rubus  pubescens  (5,10), 
and  and  Prunus  pensylvanica  (10).  These  species  had  mostly 
shallow  root  systems  (<20  cm)  primarily  located  in  the 
surface  organic  horizons  of  mineral  soils;  exceptions  were 
Prunus  and  A1 nus  which  extended  roots  to  180  cm. 

In  total,  10  of  the  72  possible  ^t-^m  pairs  at  7-10  cm 
depth  values  were  significantly  correlated.  Within  this 
group  were  shallow-rooted  species  such  as  Vaccinium 
myrtilloides  (Plot  1,2),  y.  vit is-idaea  (4,10),  Linnaea 
borealis  (4,10),  Ledum  groenl and i cum  (7,8),  and  Picea 
mar i ana  (7,8);  and  more  deeply  rooted  species  such  as  A1 nus 
crispa  (Plot  3),  Pinus  banksiana  (3),  and  Abies  balsamea 
(4).  Most  of  these  species  (73%)  occurred  mainly  on  sandy 
soils;  20%  were  associated  with  aspen  plots. 

Three  species  were  significantly  correlated  with  •Pm 
values  at  30  cm  depth:  Arctostaphyl os  uva-ursi  (Plot  1,2), 
Rosa  acicu laris  (5),  and  Lonicera  involucrata  (5).  A 1 nus 
cr i spa  (Plot  9 ) ,  Arctostaphy 1  os  uva-urs i  ( 2 ) ,  Arne  1 anch i er 
alnifol i a  ( 9 ) ,  Prunus  penslvan ica  ( 9 ) ,  Rosa  ac icular is  ( 9 ) , 
Picea  glauca  (4,9),  Pyrola  asari fol i a  (9),  Vaccinium 
v it  is- idaea  (1,2,9)  and  V.  myrtilloides  (3),  and  Linnaea 
borealis  (9)  were  primarily  and  directly  correlated  with  ♦m 
at  70  cm  depth.  However,  the  last  4  species  do  not  normally 
root  below  30  cm.  Numerous  species  had  partial  correlation 


. 


coefficients  which  were  inversely  related  (e.g.,  P i nus 
banks i ana  (Plot  1))  to  values  at  70  cm. 


DISCUSSION 


The  correction  technique  we  used  to  estimate  plant 
water  potentials  ($t)  at  0700  hrs  MST  from  measurements  made 
between  0600  and  1300  hrs  MST  on  the  same  day  (See  Methods) 
is  based  on  the  assumption  that  transpiration  rates  are 
relatively  constant  under  similar  conditions  throughout  the 
summer.  It  is  well  known  that  transpiration  rates  are 
influenced  by  soil  (Yang  and  de  Jong  1971),  ambient  air 
temperature  and  humidity,  wind  speed,  and  solar  radiation 
intensity  (Larcher  1975).  More  recent  work  has  shown  that 
transpiration  rates  also  vary  with  leaf  age  in  otherwise 
identical  environments  (Korner  et  al .  1979).  Mean  leaf  age 
per  plant  certainly  increases  throughout  the  summer  in  the 
21  species  we  measured.  Some  of  the  measured  +$t  values  of 
early  summer  (e.g.,  Arctostaphyl os  uva-ursi  in  Figure  8a, 
Ledum  groenl and icum  and  Larix  laricina  in  Figure  10b)  may  be 
in  some  cases  associated  with  the  flushing  and  expansion  of 
new  leaves;  or,  a  false  xylem  pressure  potential  reading  due 
to  abundant  apoplastic  plant  water  and/or  an  over-correction 
of  ^t  values  during  periods  of  abundant  soil  moisture. 
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It  is  likely  that  some  of  the  observed  variations  in 
plant  ’J't  are  caused  by  variations  among  and  within 
individual  plants  (Hellkvist  et  al .  1974).  This  sampling 
problem  arises  because  the  same  plant  sample  could  not  be 
re-measured  throughout  the  summer.  Zobel  et  al .  (1976,  p. 
143)  have  suggested,  however,  that  this  practice  "appears  to 
contribute  no  systematic  error  to  the  data".  The  use  of  a 
moving  three-point  average  4»t  for  graphic  and  interpretation 
purposes  seems  to  have  reduced  the  possible  'noise'  imparted 
by  measurements  time  and  sampling  error  to  an  acceptable 
level,  allowing  comparison  of  seasonal  4»t  trends  of 
individual  species  and  stands. 

If  the  correction  technique  can  be  improved  by 
implementing  leaf-age  related  corrections,  it  may  become 
useful  for  comparative  analyses  of  water  use  by  plant 
communities  subjected  to  different  environmental  treatments. 

Boreal  forest  stands  in  central  Alberta  are  probably 
moister  than  many  alpine  (Oberbauer  and  Billings  1981, 
Ehleringer  and  Miller  1975)  and  arctic  tundra  communities 
(Tieszen  et  al .  1981),  but  drier  than  the  wet  tundra 
communities  of  northern  Alaska  (Stoner  and  Miller  1975). 
Furthermore,  no  boreal  species  approached  the 'strongly 
negative  morning  water  potentials  (ca.  -4.5  MPa)  measured 
for  Artemisia  and  Arctostaphylos  species  in  the  chaparral 
vegetation  of  southern  California  (Poole  and  Miller  1975). 
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Our  Pinus,  Abiesr  and  Picea  specimens  were  not  subjected  to 
moisture  deficits  as  severe  as  those  measured  for  Quercus  or 
Carya  in  central  Missouri  (Parker  et  al .  1982).  Zobel  et 
al .  (  1976)  reported  minimum  4*t  values  for  Abies,  Thuja ,  and 
T suga  in  the  Pacific  Northwest  that  are  comparable  to  those 
measured  for  boreal  forest  trees  in  Alberta.  Summer  ^t 
minima  for  Al nus  cr i spa  subspecies  sinuata  in  northern  Idaho 
(Cline  and  Campbell  1976)  were  usually  lower  (more  negative) 
than  those  of  A.  cr i spa  measured  in  this  study.  Understory 
species  such  as  Cornus  canadensis,  Linnaea  borealis,  and 
Pyrola  asarifolia  had  ‘Pt  minima  similar  to  those  measured  by 
other  researchers  (Waring  1969,  Zobel  et  al .  1976). 

While  the  $t  response  patterns  described  in  Results 
(Figures  8  -  13)  are  probably  unique  to  the  summer  of  1982, 
they  are  undoubtedly  typical  of  many  summers  in  the  region. 
The  uniqueness  stems  from  the  magnitude  and  spacing  of 
precipitation  events.  For  example,  the  months  of  May  and 
June  were  considerably  drier  (30  mm)  than  normal,  whereas 
July  and  August  received  ca.  50  mm  more  precipitation  than 
would  normally  be  expected  (Anonymous  1982a, b). 

Despite  the  common  view  that  Pinus,  Populus,  and  Picea 
mariana  communities  occupy  distinct  but  overlapping 
positions  along  a  moisture  gradient  in  the  Boreal  Forest 
Region  (e.g.,  Kabzems  et  al .  1976,  Strong  and  Leggat  1981), 
they  had  similar  summer  4»t  patterns  in  our  study  area. 
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Pinus  banks i ana  and  Populus  tremul oides  stands  growing  on 
sand  had  the  greatest  fluctuations  in  $t  values. 

‘Pt  values  were  highest  at  the  beginning  of  summer.  A 
progressive  decline  in  ^t  and  4*m  values  occurred  throughout 
May  and  June.  In  many  cases  4»m  values  were  lower  than  -1.5 
MPa  by  early  June.  When  early  summer  moisture  became 
available  in  the  20-60  cm  depth  range  of  the  soil,  it  too 
was  depleted  by  early  June,  except  in  the  Black  Spruce 
Series.  Water  at  a  comparable  depth  in  the  Black  Spruce 
Series  was  probably  unavailable  to  the  plants  due  to  the 
paucity  of  roots  at  this  depth.  The  greatest  divergence  in 
‘J’t  values  among  species  occurred  during  late  June  when 
moisture  availability  was  lowest.  Vt  values  moderated  in 
July  when  precipitation  increased.  However,  #t  pattern 
divergence  recurred  when  precipitation  and  soil  moisture 
declined  in  late  July  and  August. 

All  low  4»t  values  may  not  be  a  result  of  low  *Pm.  For 
example,  the  early  June  depression  of  Pyrol a  asarifolia 
(Plot  10)  may  result  from  abnormally  high  solar  radiation  at 
ground  level,  which  is  attributable  to  forest  tent 
caterpillar  (Mai acosoma  disstria  Hbn.)  defoliation  of  the 
Populus  tremul oides  canopy.  The  Populus  tremul oides  trees 
of  Plots  9  and  10  were  not  significantly  affected  by 
caterpillar.  After  Populus  produced  a  second  leaf  cohort, 
Pyrola  ¥t  values  became  considerably  less  negative.  In 
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contrast,  the  high  $t  for  A1 nus  crispa  on  Plot  3  may  be 
attributable  to  the  partial  (2/3  reduction)  defoliation  of 
the  species.  Such  reduction  in  leaf  area  would  have  reduced 
the  quantity  of  water  transpired  relative  to  a  fully  leafed 
condition,  thus  improving  its  water  budget. 

Soil  moisture  was  usually  most  plentiful  above  20  cm 
and  below  60  cm  throughout  the  summer  of  1982.  However, 
moisture  below  60  cm  was  not  available  to  most  species, 
particularly  those  of  the  Aspen/Clay  Loam  and  Black  Spruce 
Series,  due  to  rooting  depth  restrictions.  Surface  organic 
matter  is  a  very  effective  interceptor  of  and  reservoir  for 
precipitation.  Percolation  losses  of  intercepted  water  to 
lower  soil  horizons  occurred  only  when  the  water-holding 
capacity  of  the  organic  matter  was  exceeded.  Precipitation 
>50  mm  would  be  required  to  raise  «Pm  values  in  the  upper  30 
cm  of  the  soil  to  field  capacity  (-0.03  MPa),  assuming  the 
initial  «Pm  value  is  -1.5  MPa,  runoff  did  not  occur,  no 
interception  by  vegetation,  and  mineral  and  associated 
organic  (10  cm  thick)  horizons  had  water-holding  capacities 
of  10  and  30%  by  volume,  respectively.  In  general, 
therefore,  water  percolates  through  the  soil  profile  of  the 
studied  stands  during  summer  only  after  heavy  or  repeated 
light  rains.  During  1982  only  3  events  yielded  rainfall 
amounts  >30  mm.  This  may  in  part  explain  why  roots  are  most 
concentrated  in  the  LFH  horizon  or  near-surface  mineral  soil 
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horizons  when  organic  layers  are  absent.3 


Four  broad  ecological  groups  of  vascular  plants  can  be 
recognized  within  the  11  boreal  forest  stands.  The  first 
group  is  composed  of  shallow-rooted,  low-growing,  mostly 
evergreen  species  which  can  tolerate  low  (<-1.5  MPa)  4*t 
values.  Pyrola  asarifol iar  Vaccinium  vitis-idaea, 

V .  myrt i 1 loides,  Linnaea  borealis f  Cornus  canadensis,  and 
Mitel  la  nuda  belong  to  this  group.  These  species  occurred 
on  a  variety  of  substrates  and  sites. 

Rubus  pubescens  may  belong  to  this  group  but  is  an 
exception  in  terms  of  both  ^t  response  and  morphology.  This 
perennial  herb  had  minimum  «J»t  values  equal  to  or  less 
negative  than  -1.5  MPa.  In  addition,  its  ‘Pt  values  were  not 
correlated  with  soil  »Pm  at  7-10  cm  depth,  suggesting  that 
Rubus  may  have  better  control  over  transpiration,  vascular 
conductivity,  or  water  use  efficiency  than  other 
shallow-rooted  species. 

Shallow  rooting  could  be  an  advantage  to  forest 

understory  vascular  plants.  Moisture  is  usually  most 

available  in  the  upper  2  dm  of  the  ground  surface  due  to  low 

regional  precipitation  and  the  relatively  high  water-holding 

capacity  of  the  LFH  and  Ae  horizons.  These  combined  factors 

limit  downward  soil  percolation.  However,  shallow-rooting 

3  Nutrients  are  also  an  important  factor,  and  will  be 
considered  in  subsequent  work  (Strong  and  La  Roi  1984b). 


also  has  disadvantages.  Firstly,  the  upper  portion  of  the 
solum  has  the  highest  density  of  roots  (Strong  and  La  Roi 
1983a),  thus  intensive  competition  for  moisture.  Secondly, 
moisture  availability  is  extremely  variable  during  the 
growing  season  and  directly  dependent  upon  precipitation. 

The  second  ecological  group  of  plants  has  maximum 
rooting  depths  to  60  cm  with  minimum  $t  values  in  the  -0.5 
to  -1.5  MPa  range.  Within  this  group  are  Viburnum  edule, 
Rosa  acicularis,  Populus  tremuloides  (fine-textured  soils), 
Picea  glauca ,  Abies  balsamea  (till  sites  only),  Lonicera 
i nvo 1 ucrata ,  P i cea  mar i ana ,  and  Ledum  groen 1  and i cum .  From 
an  edaphic  perspective,  deeper  rooting  permits  exploitation 
of  water  resources  from  a  larger  volume  of  soil.  Only  when 
soil  moisture  is  unavailable  near  the  ground  surface,  e.g., 
from  light  precipitation,  does  deep-rooting  offer  an 
advantage  other  than  mechanical  support.  Otherwise,  the 
most  suitable  rooting  depth  would  be  below  the  zone  of 
extreme  moisture  fluctuation,  but  close  enough  to  the  ground 
surface  to  utilize  some  near-surface  water. 

It  is  notable  that  Picea  mar i ana  had  Vt  minima  similar 
to  those  of  species  commonly  found  on  mesic  upland  sites. 
This  suggests  that  P.  mariana  is  less  able  to  control 
transpiration  losses  than  P.  glauca,  and  thus  is  restricted 
to  subhygric  or  hygric  sites  in  the  Boreal  Mixedwood 
Ecoregion.  However,  where  less  severe  climatic  moisture 


deficits  occur,  due  to  lower  summer  temperatures  and/or 
increased  precipitation  (the  Boreal  Foothills  and  Upland 
Ecoregions  of  western  Alberta  (Strong  and  Leggat  (1981)), 

P.  mariana  can  occupy  upland  sites  as  a  sub-  and  co-dominant 
with  P.  glauca. 

Abies  bal samea  and  P.  glauca  appear  to  have  similar 
below-ground  niches  on  the  Aspen/Clay  loam  sites.  Although 
Abies  had  somewhat  higher  summer  *i»t  values  than  P.  glauca , 
neither  species  appears  to  have  a  distinctive  advantage 
below-ground.  In  combination  with  their  shade-tolerant 
characteristics,  these  two  species  appear  to  be  evenly 
matched  climax  trees.  Many  of  the  species  belonging  to  the 
second  group  are  components  of  late-successional  and 
subclimax  communities. 

Plants  in  the  third  ecological  group  have  rooting 
depths  >60  cm,  ^t  values  between  -0.5  and  -1.5  MPa,  and  grow 
on  deep  sand  deposits.  Rosa  acicul ar i s ,  A1 nus  crispar 
Populus  tremuloides,  Abies  bal samea ,  and  Pi nus  banks i ana  are 
members  of  this  group.  The  $t  values  of  these  species  were 
not  consistently  correlated  with  soil  •Pm  data,  although  deep 
and/or  spreading  root  systems  represent  adaptations  for 
survival  of  xerophytes  under  stressful  moisture  conditions. 

The  fourth  ecological  group  is  represented  by 
Arctostaphylos  uva-ursi  and  Prunus  pensylvan ica.  These 
species  have  deep  root  systems  (>60  cm)  on  sandy  soils,  yet 
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they  experience  ♦t  values  lower  than  -1.5  MPa.  Both  species 
have  deep  root  systems  which  appear  inadequate  in  meeting 
the  water  demands  of  the  transpiring  leaves.  The  limited 
number  of  deep  sinker  roots  relative  to  the  plant's  leaf 
area  suggests  that  moisture  absorption  is  primarily  from  the 
upper  portion  of  the  soil  ( < 6 0  cm) ,  where  smaller  roots  are 
more  abundant.  The  deeper  roots  may  have  a  survival 
function  during  periods  of  extreme  drought. 

Vertical  below-ground  separation  was  very  evident  among 
the  plant  species  investigated.  This  mechanism  of  resource 
partitioning  reduces  the  degree  of  root  system  overlap,  thus 
increasing  the  compatabi 1 i ty  of  coexisting  species.  This 
phenomenon  is  not  unlike  the  classic  examples  described  for 
warblers  in  the  northeastern  United  States  (MacArthur  1958), 
birds  in  tropical  rain  forests  (Diamond  1973),  or  Australian 
desert  lizards  (Pianka  1969).  Partitioning  among  plants 
have  been  recognized  below-ground  in  several  non-forest 
ecosystems.  For  example,  Mueller-Domboi s  and  Sims  (1966) 
and  Brendse  (1981)  observed  the  vertical  and  horizontal 
separation  of  grass  roots  under  artifical  growing 
conditions,  while  Grace  and  Wetzel  (1982)  identified  similar 
separations  between  Typha  species  according  to  water  depth. 
Wieland  and  Bazzaz  (1975)  found  differences  in  the  rooting 
depths  of  codominant  old-field  plants,  while  Parrish  and 
Bazzaz  (1976)  recognized  a  higher  degree  of  niche  overlap  in 
old-field  communities  as  compared  to  prairie  vegetation. 
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Weaver  (1968)  has  also  shown  that  grassland  species  have 
individualistic  rooting  patterns  and  depths.  The  timing  of 
biological  activities,  differential  nutrient  demands 
(Parrish  and  Bazzaz  1982),  and  physiological  adaptations 
(Roberts  et  al .  1979,  Parker  et  al .  1982)  both  above-  and 
below-ground  are  additional  dimensions  for  niche 
partitioning  which  have  been  postulated.  It  seems 
reasonable  to  expect  similar  niche  partitioning  mechanisms 
among  boreal  plants  which  successfully  coexist. 

Combined  with  different  water  absorptive  capabilities 
and  controls  over  transpiration  rates,  below-ground  niche 
separation  should  explain  some  of  the  individualistic 
responses  of  various  species  to  varying  moisture  supplies. 
Intraspecific  variation  in  ^t  response  patterns  may  be 
attributed  to  variations  in  rooting  substrate.  For  example, 
Vaccinium  v it i s- idaea  and  V.  myrt i 1 loides  grew  in  mineral 
substrates  in  Pinus/Arctostaphylos  stands,  but  rooted  in  the 
LFH  layer  in  the  P i nus/Pl eurozium  stands.  Such 
individualistic  responses  by'  plants  may  partially  explain 
the  low  correspondence  between  species  and  site  conditions 
found  by  Carlton  (1982)  in  Ontario  jack  pine  stands.  In 
addition,  adaptation  to  substrate  conditions  through 
differential  rooting  may  partially  explain  the  apparent 
tolerance  of  some  species  to  a  wide  range  of  site  conditions 
(e.g.,  Vaccinium  vitis-idaea  occupied  sites  that  ranged  from 
xeric  to  hygric)  and  the  overlapping  distribution  of  species 
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along  moisture  gradients  (e.g.,  Whittaker  1975,  p.  115). 

Subclimax  stands  (4,6,8)  had  species  *J*t  values  which 
were  more  synchronized  (i.e.  parallel,  harmonious)  than 
younger  serai  stands  (Figures  8b, 9b, 10c).  Such  synchrony 
supports  the  hypothesis  of  Bormann  and  Likens  (1979)  that 
climax  ecosystems  have  better  self -regulated  nutrient  (water 
and  cation)  flows  than  serai  ecosystems.  The  development  of 
a  thick  moss  carpet  and/or  organic  soil  surface  layer  may  be 
an  important  mechanism  for  regulating  nutrient  losses  in 
old-growth  stands  in  central  Alberta.  This  control  may  be 
an  adaptive  response  to  the  interception  of  water  by  the  LFH 
layer,  minimal  evaporation  from  the  ground  surface  and 
reduced  soil  temperatures  due  to  shading  from  a 
multi-storied  stands,  and  the  development  of  roots  within 
the  LFH  layers.  However,  the  lower  percentage  of  species  in 
significant  ^t-^m  correlations  of  subclimax  relative  to 
serai  communities  suggests  that  subclimax  communities  may  be 
more  limited  by  environmental  factors  other  then  moisture 
availability,  most  probably  by  nutrients. 

In  summary,  succession  tends  to  favor  those  species 
which  are  tolerant  of  both  severe  soil  moisture  fluctuations 
and  shading  in  the  boreal  forest. 
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CHAPTER  IV 


ROOT  DENSITY  -  SOIL  RELATIONSHIPS  IN  SELECTED  BOREAL  FORESTS 

OF  CENTRAL  ALBERTA,  CANADA1 

ABSTRACT 

Soil  pits  located  in  boreal  aspen  ( Populus  tremul oides 
Michx . ) ,  jack  pine  ( P i nus  banksiana  Lamb.),  and  white  spruce 
( Picea  glauca  (Moench)  Voss)  stands  were  analyzed  by  horizon 
for  nutrients  (Ca,  Mg,  PO«-P,  K,  Na,  SCu-S,  NH«-N,  N03-N), 
physical  properties  (horizon  depth;  silt,  clay,  and  organic 
content;  bulk  density;  water-holding  capacity),  and  root 
densities.  Two  aspen  and  three  jack  pine  stands  were 
located  on  aeolian  sands  with  Eutric  Brunisolic  soils,  while 
two  additional  aspen  stands  occurred  on  clay  loam  morainal 
deposits  with  Gray  Luvisolic  soils.  A  subclimax  white 
spruce  stand  occurred  on  both  parent  materials.  Stand  ages 
ranged  from  19  to  170  years  in  age.  This  study  assessed  the 
relationships  of  root  location  and  density  to  the 
above-mentioned  edaphic  factors.  The  highest  concentration 
of  roots  was  at  the  organic/mineral  soil  interface. 
Correlation  and  Principal  Components  Analysis  (PCA) 
sugggested  that  root  densities  are  negatively  correlated 
with  depth,  clay  content,  and  bulk  density;  and  positively 
correlated  with  soil  water-holding  capacity  and  extractable 

’Submitted  to  the  For.  Ecol.  Manage,  in  August  1984. 


119 


'V. 


■ 


POu .  Insufficent  Phosphorus  appears  to  be  an  important 
growth-limiting  factor  in  the  study  area.  PCA  ordinations 
of  edaphic  variables  consistently  revealed  a  cluster  of” 
correlated  variables  composed  of  organic  matter,  NH4,  N03 , 
and  sometimes  K  content,  but  none  of  these  was  consistently 
associated  with  root  distributions.  Aspen  communities 
appear  to  be  more  dependent  upon  N  and  other  organically 
bound  nutrients  than  coniferous  stands. 

INTRODUCTION 

In  many  forested  regions  of  the  world,  edaphic  and 
disturbance  factors  account  for  much  of  the  mosaic 
patterning  of  forest  communities  found  under  a  given 
macroclimate.  The  importance  of  edaphic  conditions  and 
resources  as  factors  controlling  the  distribution  and 
productivity  of  boreal  forest  ecosystems  has  become 
increasingly  evident  in  recent  years  (Persson  1980;  Van 
Cleve  and  Dyrness  1983).  Forest  site-,  habitat-,  and 
ecosystem-type  classifications  (e.g.,  Cajander  1926;  Rrajina 
1965;  and  Franklin  and  Dyrness  1973),  and  forest  ordinations 
(e.g.,  Whittaker  1956;  Bray  and  Curtis  1957)  are  examples  of 
methods  developed  to  elucidate  and  utilize 
vegetat ion-edaphic  relationships.  Despite  these  efforts, 
the  relationships  between  vegetation  and  edaphic  conditions 
have  only  been  implied  because  plant  root  systems  were  not 
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an  intrinsic  part  of  the  analyses.  The  soil-root-decomposer 
subsystem  of  edaphic  relationships  is  an  exceedingly  complex 
component  of  forest  ecosystems  due  to  the  multitude  of 
chemical,  biological,  and  physical  variables  which  can 
interact  below-ground.  Our  understanding  of  this  subsystem 
is  further  impeded  by  spatial  as  well  as  by  vertical 
substrate  heterogeneity  and  differential  rooting  depths  of 
individual  species  (Strong  and  La  Roi  1983a, b).  If  root 
positions  indicate  where  essential  nutrients  are  absorbed 
(St.  John  1983),  then  root  system  analyses  are  critical  to 
the  understanding  and  management  of  plant  communi ty-edaphic 
relationships . 

The  objectives  of  this  paper  are  to  (1)  describe 
selected  edaphic  characteristics  of  9  boreal  forest  stands, 
(2)  interpret  the  possible  ecological  significance  of  these 
characteristics  using  Principal.  Components  Analysis  (PCA) 
and  correlation,  and  (3)  identify  below-ground  successional 
trends  associated  with  these  communities. 


STUDY  AREA 


The  study  area  is  located  in  the  Boreal  Mixedwood 
Ecoregion  (Strong  and  Leggat  1981)  55  km  southeast  of  Lesser 
Slave  Lake  in  central  Alberta.  The  climate,  site 
conditions,  and  vegetation  have  been  described  by  La  Roi  and 
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Ostafichuk  (1984)  and  Strong  and  La  Roi  ( 1983a, b).  Briefly, 
aspen  {PopuluS  tremuloides  Michx.),  jack  pine  ( Pinus 
banksiana  Lamb.),  and  white  spruce  ( Picea  glauca  (Moench) 
Voss)  (Moss  1959)  forests  occur  on  Eutric  Brunisolic 
(Anonymous  1978)  soils  developed  on  well-drained  aeolian 
sand  deposits;  while  aspen  and  white  spruce  forests  also 
occur  on  moderately-well  drained  Gray  Luvisolic  soils 
developed  on  clay-rich  till  deposits.  The  topography  is 
gently  rolling  throughout  the  area.  Aeolian  deposits  in  the 
form  of  rolling  plains  and  sand  dunes  dominate  the  southern 
portion  of  the  study  area,  while  morainal  deposits  occur  in 
the  northern  sector. 

The  nine  plots  used  in  this  study  are  thought  to 
represent  three  successional  sequences  (Strong  and  La  Roi 
1983a):  Jack  Pine/Sand,  Aspen/Sand,  and  Aspen/Clay  Loam 
Series.  The  Jack  Pine  Series  consisted  of  four  stands:  two 
P i nus/Arctostaphyl os/Cl ad i na  (40  and  60  years  old),  one 
Pinus/Al nus/Aral ia/Pl eurozium  (85  years  old);  and  one 
P icea- Abies/ Hyl ocom ium  (170  years  old)  stand  (Plots  1-4, 
respectively ) . 

The  Aspen/Sand  Series  was  composed  of  three  stands; 

Plot  4  represents  the  subclimax  stand  of  both  the  Aspen/Sand 
and  Jack  Pine/Sand  Series,  and  was  used  as  such.  Aspen 
dominated  the  overstory  vegetation  of  two 

Popul us/Al nus-Prunus/ Aral \a  (Plots  10  and  9)  stands  (40  and 
79  years  old,  respectively).  White  spruce  occurred  in  the 
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tall  herb  layer  (1-3  dm)  of  Plot  10,  but  was  sporadic  as  a 
subdominant  in  Plot  9. 

The  Aspen/Clay  Loam  Series  was  composed  of  three 
stands:  a  Popul us/Cal amagrost i 5/ Aral i a;  a  Popul us-P icea/ 

V iburnum/ Aral  ia;  and  a  P icea- Popul us/V iburnum/Aral ia  (19, 

72,  and  115  years  old)  stand  (Plots  11,  .5,  and  6, 
respectively).  The  f eathermosses  Pleurozium  schreberi 
(Brid.)  Mitt,  and  Hylocomium  splendens  (Hedw.)  B.S.G.  had 
30%  cover  in  Plot  6.  This  stand  was  considered  to  represent 
the  subclimax  stage  of  the  Aspen/Clay  Loam  successional 
sequence . 

t 

METHODS 


Field  Procedures 

Within  each  stand  a  20x50  m  plot  was  subjectively 
located  and  staked  into  forty  5x5  m  subplots.  Seven 
subplots  were  chosen  at  random  for  detailed  sampling.  A  pit 
was  dug  in  the  center  of  each  subplot  to  >1.25  m,  then 
pedologically  described. 

After  description,  one  wall  of  the  pit  was  smoothed 
with  a  knife  and  washed  with  a  low-pressure  water  sprayer  to 
expose  root  ends  for  easier  counting.  Roots  on  the  prepared 
pit  wall  were  enumerated  in  a  counting  frame  1.25  m  high  and 
0.2  m  wide,  which  was  composed  of  horizontal  cells,  2.5x5 
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cm.  This  sampling  design  was  similar  to  that  described  by 
Bohm  (1979).  By  placing  the  counting  matrix  vertically 
against  the  pit  face,  it  was  possible  to  determine  the 
number  of  roots  in  each  cell  as  the  soil  profile  was 
descended.  Roots  were  separated  into  five  diameter  classes 
(<0.075,  0.075-1,  1-2,  2-5,  and  >5  mm);  however,  this 
analysis  relied  on  the  summation  of  the  two  smaller  diameter 
classes  which  contained  >95%  of  the  total  number  of  roots. 

No  attempt  was  made  to  separate  individual  species.  Root 
densities  by  horizon  surface  (roots/dm2)  were  estimated  by 
grouping  rows  of  cells. 

Bulk  soil  samples  of  known  volume  were  taken  from  each 
horizon,  air-dried,  and  sealed  in  plastic  bags.  Samples  for 
estimating  water-holding  capacity  were  collected  in  copper 
rings  (5.2  cm  I.D.  by  2.5  cm  deep)  by  horizon,  sealed  in 
plastic  bags,  and  refrigerated  at  ca.  3°C  until  processed. 
All  samples  were  collected  from  late  June  to  early  August. 

Laboratory  Procedures 

Three  pits  in  each  plot  were  selected  for  detailed 
analysis.  Selection  was  based  on  lack  of  major  soil  profile 
anomalies  and  sufficient  sample  to  complete  all  analyses. 

Extractable  P  in  the  form  of  PO*  was  determined  by  the 
"medium  strength"  Bray  method.  S  in  the  form  of  SO*  was 
extracted  with  a  0.1M  CaCl2  solution.  P  and  S 


concentrations  were  measured  by  colorimetry  (Technicon  II 
Auto-analyzer).  Available  Ca ,  Mg,  Na ,  and  K  were  extracted 
with  NHi,OAc  (pH  7)  -using  a  1:5  ratio  of  soil  to  solution, 
while  Total  Exchange  Capacity  (TEC)  was  estimated  with  a 
1:25  ratio.  Cation  concentrations  were  determined  by  atomic 
absorption  (PYE  Unicam  SP1950). 

Soil  pH  was  determined  by  immersing  10  g  mineral  or  ca. 
5  cm3  organic  soil  in  50  ml  0.01M  CaCl2  solution. 
Measurements  were  made  with  a  Corning  glass  electrode  meter. 

Texture  of  the  <2  mm  mineral  soil  fraction  was 
determined  by  the  pipette  method,  based  on  20  or  40  g 
samples,  depending  upon  whether  fine-  or  coarse-textured , 
respectively.  Samples  were  decarbonated  with  HC1  and  wet 
oxidized  with  H202  to  remove  organic  constituents. 

Percent  organic  matter  was  determined  by  the 
Walkley-Blac k  wet  oxidation  method.  All  previously 
mentioned  soil  analyses  follow  procedures  described  by 
McKeague  (1976). 

Available  water-holding  capacity  for  mineral  soil 
horizons  was  estimated  at  -0.01  and  -1.5  MPa  using  a  ceramic 
plates  extractor.  Prior  to  processing  the  undisturbed  soil 
samples  were  masked  on  the  lower  surface  with  fine-mesh 
nylon  cloth  and  soaked  in  distilled  water  for  +24  hours 
(McKeague  1976).  After  equilibration  at  the  above  water 
potentials,  samples  were  dried  at  105°C  for  48  hours. 
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Water-holding  capacity  of  organic  horizons  was  estimated  by 
soaking  fresh  samples  in  water  for  24  hours,  draining  for 
ca.  one  hour,  weighing,  drying  (105°C),  and  reweighing. 
Capacities  was  expressed  in  percent  by  volume. 

The  quantity  of  NH«  and  N03  (measured  as  nitrogen) 
potentially  mineralized  (Smith  et  al .  1981)  in  the  soil 
during  summer  was  estimated  by  anaerobic  decomposition. 

This  analysis  was  modelled  after  work  by  Powers  (1980). 
Samples  for  incubation  were  taken  from  the  <2  mm  fraction  of 
bulk  samples  (A  and  B  horizons),  and  fresh  litter  ( LFH ) 
samples  collected  in  late  September,  1982,  after  leaf-fall. 
Litter  samples  were  stored  in  the  dark  at  3°C  until 
processing . 

Litter  samples  were  prepared  for  incubation  by  chopping 
with  a  razor  blade  and  then  were  divided  into  two 
subsamples.  One  subsample  (ca.  0.5  cm3)  was  weighed  and 
added  to  a  16x150  mm  test  tube  with  12.5  ml  of  water,  while 
the  other  was  weighed,  oven  dried  at  105°C,  and  reweighed  to 
determine  water  content.  Three  incubated  samples  were 
prepared  for  each  plots.  Organic  particles  were  maintained 
in  a  submerged  state  with  a  fiberglass  plug  placed  just 
below  the  air-water  interface.  Five  grams  of  soil  were  used 
for  mineral  horizons.  Tubes  were  sealed  with  rubber 
stoppers  and  dark-incubated  for  21  days  at  18°C  (Plot  4), 

22  0  C  (Plots  3,5,6,9,11),  and  28.6°C  (Plot  1,2,10).  These 
temperatures  over  a  21  day  period  represent  half  the  average 
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number  of  heat  units  (i.e.  degree-days  >0°C)  available  for 
decomposition  in  the  various  stands  (values  ranged  from 
ca.  600  in  Plot  4  to  1700  degree-days  in  Plot  1)  and 
horizons  during  the  summer.  Incubation  temperatures  were 
estimated  by  measuring  temperatures  at  4-day  intervals  at  30 
cm  above-,  and  10  and  30  cm  below-ground  in  each  stand  from 
early  May  to  September,  1982. 

After  incubation  samples  were  leached  with  2N  KC1  to  a 
total  volume  of  50  ml.  NH„  and  N03  concentrations  were 
measured  with  an  auto-analyzer.  All  nutrient  analysis 
results  are  reported  on  a  dry  weight  basis  (p.q/g)  . 

Multivariate  and  Statistical  Procedures 

All  soil  nutrient  and  physical  properties  were 
converted  to  either  density  units  or  percentage  values  to 
facilitate  Principal  Components  Analysis  (PCA).  Only  those 
horizons  having  root  densities  >0  were  included.  A 
correlation  matrix  rather  than  the  typical 
variance-covariance  matrix  was  used  due  to  mixed  units  of 
measure  (Isebrands  and  Crow  1975).  The  intent  of  PCA  was  to 
graphically  portray  the  soil  variables  for  easier 
description  and  hypothesis  generation.  This  was 
accomplished  by  plotting  the  eigenvalues  of  the  first 
(x-axis)  and  second  (y-axis)  components  of  each  soil 
variable.  Product-moment  correlation  coefficients  between 
edaphic  variables  and  root  density  (log10)  were  then  plotted 


on  the  ordination.  Both  PCA  and  correlation  analyses  were 
performed  with  Michigan  Interactive  Data  Analysis  System 
programs  (Fox  and  Guire  1976). 

RESULTS 


Soil  Profile  Descriptions 

Soils  in  the  Jack  Pine/Sand  Series  were  classified  as 
Orthic  and  Eluviated  Eutric  Brunisols.  The  former  was  more 
common  in  the  tree  canopy  openings  of  Plots  1  and  2,  whereas 
Eluviated  soils  occurred  beneath  trees.  LFH  horizons  had  an 
average  thickness  of  2.4  cm.  Thin  discontinuous  Ah  or  Aej 
horizons  occurred  in  the  uppermost  portion  of  Orthic 
profiles.  Eluviated  subgroups  had  Aej  horizons  <6  cm  thick, 
underlain  by  1,  and  sometimes  2,  brown  (10YR  5/3  dry)  to 
pale  brown  (10YR  6/3  dry)  Bm  horizons  which  extended  to  an 
average  depth  of  39,  52,  and  73  cm  in  Plots  1,  2,  and  3,  . 
respectively.  CaC03  enriched  the  aeolian  parent  materials 
(Ck)  below  90  cm  giving  a  distinctive  increase  in  pH 
relative  to  the  overlying  horizons  (Table  12).  Roots  seldom 
occurred  in  the  LFH,  but  consistently  exceeded  100/dm2  in 
the  zone  immediate  below. 

Soils  of  the  Aspen/Sand  Series  (Plots  9  and  10)  were 
classified  as  Eluviated  Eutric  Brunisols.  The  LFH  horizon 
was  dominated  by  deciduous  leaf  litter  in  various  stages  of 
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Only  one  TEC  estimate  was  made  for  each  horizon 
Dashes  Indicate  no  data. 

Silt  size  equals  0.05  to  0.002  mm. 

Brackets  Indicate  standard  deviation  of  mean . 
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decomposition  with  an  average  thickness  of  5.5  cm.  Beneath 
the  LFH  were  Aej,  Bml ,  Bm2  or  Btj,  and  Ck  horizons.  Aej 
horizons  were  continuous  and  averaged  8  cm  in  thickness. 

The  B  horizons  were  similar  to  those  of  the  Pine  Series, 
except  the  lower  horizons  had  weak  evidence  of  clay 
illuviation  in  the  form  of  structure  development  and 
textural  changes.  The  lower  portion  of  the  B  horizons 
occurred  at  approximately  80  cm.  Root  density  was  highest 
in  the  LFH  and  declined  with  depth. 

Soils  in  Plot  4  were  classified  as  Eluviated  Eutric 
Brunisols  and  Brunisolic  Gray  Luvisols.  The  LFH  layer 
averages  8.3  cm  in  thickness  and  was  primarily  composed  of 
Hylocomium  spl endens  and  secondarily  of  Picea  and  Abies 
detritus.  The  profile  morphology  was  similar  to  that  of  the 
Aspen/Sand  Series  and  Plot  3,  except  some  pedons  had  better 
developed  Bt  or  Bm2  horizons.  The  degree  of  Bt  development 
was  the  principal  distinction  between  the  two  subgroups. 

The  average  lower  limit  of  the  B  horizon  occurred  at  63  cm. 
Root  density  was  highest  in  the  surface  mineral  horizons 
(Table  12). 

Aeolian  deposits  of  both  the  Jack  Pine-  and  Aspen/Sand 
Series  had  clay  +  silt  contents  of  <12%.  Pine  stands  had  a 
higher  silt  content  than  the  Aspen  stands,  whereas  clay 
content  was  1%  higher  in  the  Aspen  soils.  The  highest  silt 
+  clay  content  (18%)  in  the  two  se-ries  was  found  in  Plot  4. 
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The  water-holding  capacity  of  mineral  soil  horizons 
ranged  from  6  to  16%  by  volume;  the  higher  values  were  found 
in  surface  horizons.  LFH  horizons  had  water-holding 
capacities  2  to  3X  greater  than  those  of  mineral  soil 
horizons  (Table  12). 

Minimum  nitrogen  ( NH 4  +  N03)  concentrations  were  280, 
1010,  and  330  ng/g  (0.02,  0.07,  and  0.02  moles/kg  soil, 
respectively)  for  jack  pine,  aspen,  and  spruce-fir  stands  on 
sand,  respectively  (Table  12).  SOi,-S  concentrations  were 
<18  Mg/g  (<0.0006  moles/kg)  throughout  the  soil  profile.  K 
had  maximum  values  of  390  jig/g  (0.01  moles/kg)  in  the 
Aspen/Sand  Series  and  minimum  values  of  230  ng/g  (0.006 
moles/kg)  in  the  Jack  Pine/Sand  Series.  PO^-P 
concentrations  seldom  exceeded  80  ng/g  (0.003  moles/kg).  N, 
SO4  r  and  K  were  most  abundant  in  the  LFH  horizon.  Ca  was 
bimodally  concentrated  in  the  LFH  and  Ck  horizons,  with 
values  between  2000  and  3000  nq/q  (0.05  and  0.07  moles/kg), 
except  in  the  LFH  horizons  of  the  Jack  Pine/Sand  Series, 
where  values  averaged  910  nq/g  (0.02  moles/kg).  Mg  content 
ranged  from  60  to  130  /zg/g  (0.002  to  0.005  moles/kg)  in  the 
Jack  Pine/Sand  Series  and  from  80  to  380  ug/g  (0.003  to  0.02 
moles/kg)  in  the  Aspen/Sand  and  Spruce-fir  stands. 

Soils  of  the  Aspen/Clay  Loam  Series  were  classified  as 
Orthic  and  Gleyed  Gray  Luvisols.  These  soil  subgroups  were 
composed  of  5  and  sometimes  6  hori-zons.  The  LFH  horizons  of 
Plot  5  and  11  averaged  8.1  cm  in  thickness  and  were  composed 
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of  deciduous  leaf  and  herb  litter.  On  Plot  6  the  LFH 
horizon  was  mainly  composed  of  PI eurozium  schreberi  and 
patches  of  deciduous  leaf  litter  both  averaging  12  cm  in 
thickness.  An  eluviated  (Ae)  horizon  with  a  with  a 
distinctive  gray  (10YR  7/1  dry)  color  and  platy  structure 
occurred  below  the  LFH  horizons  in  all  three  stands.  Below 
the  Ae  occurred  a  transitional  horizon  (AB)  with  an  average 
thickness  of  14.3  cm.  Both  the  Ae  and  AB  horizons  occurred 
in  the  sandy-textured  outwash  which  overlaid  morainal 
materials.  Imperfectly  drained  Bt  pedons  had  granular 
structure  and  mottles.  Better  drained  pedons  had  a  blocky 
structured  BC  horizon.  Root  densities  were  greatest  in  the 
LFH  horizons  and  declined  with  depth. 

Pedons  in  Plot  6  were  similar  to  those  of  Plot  5  and 
1 1 ,  except  for  the  lack  of  Gleyed  subgroups  and  the 
consistent  occurrence  of  BC  horizons. 

NH4,  N03,  and  SCu  were  most  abundant  in  the  LFH  horizon 
in  the  Aspen/Clay  Loam  Series,  whereas  Na  and  Mg  were  most 
abundant  in  lower  horizons  (Table  12).  Maximum  S04~S 
concentrations  were  <20  nq/q  (<0.001  moles/kg).  Ca 
concentrations  exceeded  2000  jug/g  in  all  horizons,  except  in 
the  Ae  and  AB  horizons  where  it  seldom  reached  1  000  Aig/g 
(0.02  moles/kg).  K  was  similarly  distributed  but  its 
availability  was  only  10%  that  of  Ca .  PO^-P  occurred 
throughout  the  soil  profile  in  quantities  <40  Mg/g  (0.001 
moles/kg ) . 
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Soil  bulk  density  was  greatest  at  depth  and  ranged  from 
1.38  to  1.67  g/cm3.  Surface  mineral  horizons  had  bulk 
densities  <1.4  g/cm3,  whereas  LFH  horizons  were  <0.1  g/cm3. 
Water-holding  capacities  ranged  from  8  to  36%  by  volume  with 
highest  values  in  surface  horizons  (LFH,  Ae ,  and  AB).  Soil 
pH  values  ranged  from  5.6  to  6.5,  with  Ae  horizons  having 
the  lower  values.  Organic  matter  was  concentrated  at  the 
ground  surface  and  occurred  only  in  the  upper  15  cm  of  the 
mineral  soil  in  quantities  >2%. 

Total  exchange  capacity  (TEC)  was  highly  variable.  In 
the  Sand  Series  and  the  outwash  portion  of  the  Luvisolic 
soils  profile,  TEC  decreased  with  increasing  depth.  TEC  was 
usually  highest  in  the  till  portions  in  the  Aspen/Clay  Loam 
Series . 

PCA  and  Correlation  of  Soil  Variables 

To  evaluate  possible  changes  in  conditions  with 
increasing  stand  age,  plots  were  grouped  into  either  serai 
(Plots  1,2,3;  10,9;  11,5)  or  subclimax  (Plots  4;  6) 
categories.  Stand  age  and  successional  status  as  reflected 
by  species  composition  were  the  criteria  used  for  grouping. 

Three  general  groupings  of  variables  can  be  detected  in 
serai  stands  of  the  Jack  Pine/Sand  Series  (Figure  14A).  The 
first  group  consists  of  three  variables:  water-holding 
capacity,  percent  silt,  and  PO„;  these  variables  were 
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positively  correlated  ( P<0 .01)  with  roots/dm2;  PO«  was  most 
strongly  correlated  (+0.62).  The  second  group  is  composed 
of  Ca ,  percent  clay,  and  depth;  these  variables  were 
negatively  correlated  with  root  density;  horizon  depth  was 
strongly  correlated  (-0.84)  with  root  density.  A  third 
group  includes  variables  which  were  not  significantly 
correlated  with  root  density;  within  this  grouping  there  is 
a  distinctive  cluster  of  intercorrelated  variables;  H-ion, 
organic  matter,  N03 ,  NH„ ,  SO*,  and  K  content.  The 
negatively  and  positively  correlated  variables  occur  in  the 
upper  left  and  lower  right  quadrants  of  the  ordination 
diagram,  respectively,  while  the  variables  uncorrelated  with 
root  density  occupy  an  intermediate  position. 

In  serai  stands  of  the  Aspen/Sand  Series  (Figure  14B), 

P04  was  again  the  variable  having  the  strongest  correlation 
with  roots/dm2  (r=+0.69).  Four  other  variables,  SO„  , 
water-holding  capacity,  organic  content,  and  K  were  strongly 
correlated  ( P< 0.01)  with  root  density.  These  variables 
formed  a  discrete  cluster  with  N03 ,  NH„ ,  H-ion,  and  Mg 
content.  H-ion  and  Mg  content  were  moderately  correlated 
(P<0.01)  with  root  density.  Horizon  depth  and  bulk  density 
had  strong  negative  correlations  with  root  density,  while 
Ca ,  Na ,  clay,  and  silt  content  were  uncorrelated. 

In  subclimax  Plot  4,  PO4  and  H-ion  content  were 
positively  correlated,  while  horizon  depth  and  Ca  content 
were  negatively  correlated  with  roots/dm2  at  the  P<0.05 
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Figure  14.  PCA  and  product-moment  correlation 

coefficients  (r  x  100)  of  soil  properties  by 
successional  grouping:  A  -  Serai  Jack 
Pine/Sand;  B  -  Serai  Aspen/Sand;  C  - 
Subclimax  White  Spruce-Fir/Sand;  D  -  Serai 
Aspen/Clay  Loam;  and  E  -  Subclimax  White 
Spruce/Clay  Loam.  Dots  represent  the 
location  of  soil  variables  based  on 
eigenvalues  from  the  first  (x-axis)  and 
second  (y-axis)  components  of  the  PCA. 
Numerical  values  represent  simple  correlation 
coefficients,  i.e.,  logi0  root  density  (o) 
verses  NH,  NO,  D,  etc.  See  Table  13  for 
symbol  names.  Dashed  lines  enclose 
correlation  coefficients  significant  at  the 
P<0.05  (Figures  c,e)  and  P<0.Q1  (Figures 
a,b,d)  levels.  N  =  Number  of  soil  horizons 
used  in  each  analysis.  EV  =  Percent 
explained  variance  of  the  PCA. 
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level  (Figure  14C).  The  two  negatively  correlated  variables 
had  a  higher  degree  of  variance  explanation  (r2)  than  either 
of  the  positively  correlated  variables.  The  remaining 
variables  were  uncorrelated  with  root  density;  among  them 
there  is  a  distinctive  cluster  of  positive  coefficients 
composed  of  organic  matter,  NH„ ,  N03 ,  S04 ,  K,  and 
water-holding  capacity;  these  variables  were  all 
significantly  correlated  with  each  other. 

In  serai  stands  of  the  Aspen/Clay  Loam  Series  six 
variables  had  positive  correlations  ( P< 0.01)  with  roots/dm2 
(Figure  14D);  of  these,  water-holding  capacity  was  located 
nearest  the  root  density  in  the  ordination,  four  variables 
(NH„,  SOu,  K,  organic  matter)  were  clustered  at  the  opposite 
end  of  the  1%  probability  grouping,  and  P04  was  located 
between  the  two  loci  extremes. 

Mg,  Na,  clay,  bulk  density,  and  horizon  depth  were 
negatively  correlated  with  roots/dm2;  their  r2  values  ranged 
from  35  (Mg)  to  88%  (depth).  Ca ,  H-ion,  silt,  and  N03 
content  were  not  significantly  correlated  with  root  density. 

In  Plot  6,  the  subclimax  stand  of  the  Aspen/Clay  Loam 
Series,  PO^  and  water-holding  capacity  were  positively 
correlated  (P<0.05)  with  root  density  (Figure  14E).  PO«  was 
closer  to  and  more  strongly  correlated  with  root  density 
than  was  water-holding  capacity.  Variables  negatively 
correlated  with  root  density  included  Mg,  Na ,  depth,  clay, 
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and  bulk  density;  the  remaining  independent  variables  were 
uncorrelated . 

In  general,  variables  which  were  negatively  correlated 
with  root  density  were  associated  with  the  lower  portions  of 
the  soil  profile,  whereas  positive  coefficients  were 
associated  with  the  upper  portions.  The  first  two  component 
axes  of  each  of  the  five  PCA  ordinations  accounted  for  from 
64  to  78%  of  the  observed  variance.  The  Jack  Pine/Sand 
Series  had  the  lowest  proportion  of  explained  variance. 

Table  13  summarizes  the  correlation  between  root  density  and 
the  various  edaphic  variables  by  plot  groupings.  Each  of 
these  variables  was  either  uncorrelated  or  un idirectionally 
correlated  with  root  density  (e.g.,  4  positive  and  1 
uncorrelated  case),  except  silt  content.  PO* ,  N03 ,  and 
horizon  depth  had  exclusively  positive,  neutral,  and 
negative  correlation  values,  respectively.  H-ion  and  NH„ 
content  were  uncorrelated,  while  water-holding  capacity  was 
positively  correlated  in  4  of  the  5  plant  community 
groupings . 

DISCUSSION 

In  all  9  boreal  forest  stands,  the  highest 
concentration  of  roots  was  in  the  lower  portion  of  the  LFH 
layer  or  immediately  below  (Table  12).  Similar  results  have 


. 

been  found  by  other  researchers  in  a  variety  of  forest 
ecosystems  (Kimmins  and  Hawkes  1978,  p.  269).  Such  root 
distribution  patterns  are  probably  adaptive  not 
coincidental,  since  the  main  source  of  recyclable  nutrients, 
warmest  soil  temperatures,  best  aeration,  and,  in  many 
cases,  the  most  available  water  and  highest  water-holding 
capacities  occur  just  below  the  ground  surface.  In 
combination,  these  conditions  would  promote  maximum  litter 
decomposition  and  greatest  nutrient  release  relative  to 
other  positions  in  the  soil.  _  Extractable  NH„-N,  N03-N, 
SO^-S,  PO4-P,  and  K  all  attained  their  highest 
concentrations  in  the  near-surface  soil  horizons. 


Other  soil  variables  (e.g.,  Ca ,  Mg  and  clay  content, 
depth  and  bulk  density)  were  negatively  associated  with  root 
densities.-  Of  these,  only  clay  content  and  bulk  density 
could  be  considered  to  have  a  direct,  negative  effect  upon 
root  development  by  mechanically  restricting  downward  root 
penetration  (Table  13).  Bulk  density  increases  with 
increasing  depth  and  an  increase  in  clay  content  in  the 
Aspen/Clay  Loam  Series.  Ca  in  the  form  of  CaC03  occurred  at 
depth  in  Jack  Pine/Sand  and  Aspen/Sand  stands  possibly  due 
to  leaching.  The  higher  concentration  of  Mg  in  the  B  and  C 
horizons  of  the  Aspen/Clay  Loam  Series  is  probably  related 
to  the  parent  material  mineralology  rather  than  pedogenic 


processes . 
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P0«  was  the  only  measured  variable  which  consistently 
had  a  strong  positive  correlation  with  root  density  (Figure 
14).  This  close  linkage  suggests  that  the  relationship 
between  roots  and  P0„  content  is  biologically  significant. 
Hence,  it  is  postulated  that,  of  the  measured  edaphic 
variables,  PCU  is  the  primary  factor  limiting  growth  which 
may  ultimately  limit  productivity  of  upland  forests  in  the 
study  area. 

Similar  conclusions  have  been  reached  by  other 
researchers  in  other  ecosystems.  For  example,  Sidle  and 
Shaw  (1983)  suspected  P  deficiencies  in  clearcut  western 
hemlock-Si tka  spruce  (7 suga  heterophyl 1  a  (Raf.)  Sarg.)  - 
Picea  sitchensis  (Bong.)  Carr.)  stands,  but  their  hypothesis 
was  not  tested.  Chapin  et  al .  (1983)  tested  the  effect  of  P 
on  several  Alaskan  tree  seedling  species  and  found  a 
positive  correlation  between  P  and  deciduous  tree  growth 
response,  although  field  fertilization  trials  of  deciduous 
forest  stands  resulted  in  a  response  to  N  rather  than  P  (Van 
Cleve  et  al .  1983).  In  tundra -ecosystems  of  the  Canadian 
High  Arctic,  Nosko  (1984)  .found  P  to  be  more  limiting  to 
growth  than  N.  In  their  review  of  C,  N,  S,  and  P  cycling, 
McGill  and  Cole  (1982,  p.  283)  proposed  a  conceptual  model 
in  which  P  is  "the  ultimate  control  on  organic  matter 
cycling  and  accumulation".  A  summary  of  nutrient 
requirements  for  tree  seedlings  (Ballard  1980)  indicates 
that  the  soils  of  the  study  area  contain  less  than  half  the 
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P0«  needed  for  optimal  tree  growth,  whereas  other  ions 
were  in  sufficient  supply.  Fertilization  trials  should  be 
conducted  in  our  boreal  forest  stands  to  test  the  P04 
deficiency  hypothesis. 

From  an  ecosystem  development  (Odum  1969)  or 
successional  perspective,  the  location  of  roots  close  to  the 
chief  source  of  recyclable  nutrients  is  potentially 
important  for  three  reasons.  First,  the  likelihood  of 
nutrient  interception  and  preemption  by  other  species  is 
reduced.  Second,  nutrient  losses  from  the  ecosystem  by 
leaching  could  be  reduced  if  roots  were  immediately 
available  for  absorption.  Third,  the  accumulation  of 
organic  matter  with  ,  increasing  stand  age  could  produce  an 
efficient  mechanism  for  regulating  the  recycling  of 
nutrients  due  to  the  synchronization  of  water  supply, 
decreased  soil  temperature,  decomposer  activities,  nutrient 
release,  and  nutrient  absorption  by  roots,  particularly  if 
mycorrhizal  associations  are  involved  in  litter 
mineralization . 

This  third  possible  mechanism  for  regulating  the  flow 
of  nutrients  in  boreal  forest  ecosystems  resembles  that 
proposed  for  northern  hardwood  forests  by  Bormann  and  Likens 
(1979),  which  postulates  that  plant  communities  are 
increasingly  able  to  regulate  their  nutrient  budgets  with 
increasing  age.  Fahey  (1983)  drew  similar  conclusions  in 
his  studies  of  lodgepole  pine  ( Pinus  contorta  Loudon)  stands 


in  Wyoming.  However,  the  LFH  layers  in  the  two  cited 
studies  were  mainly  composed  of  broad-  and  needle-leaves, 
respectively,  while  those  in  late-success i ona 1  boreal  forest 
stands  are  mainly  composed  of  bryophytes. 

Age-specific  changes  in  the  floristic  composition  and 
above-ground  physiognomy  of  boreal  forest  stands  appear  to 
be  associated  with  important  changes  below-ground.  This  is 
well  illustrated  by  stands  in  the  Aspen/Sand  and  -Clay  Loam 
Series  where  root  density  is  positively  correlated  with 
organic  content  and  its  associated  variables  in  serai  stands 
(Figures  14B  and  D)  but  not  in  the  jack  pine  or  white  spruce 
stands  (Figures  14C  and  E).  Such  changes  in  the 
relationships  of  below-ground  variables  probably  result  from 
the  dramatic  "environmental  metamorphosis"  (Daubenmire, 

1968)  caused  by  the  replacement  of  aspen  by  white  spruce. 
This  suggests  that  white  spruce  are  either  less 
nutrient-demanding  or  they  have  more  efficient  mechanisms 
for  nutrient  absorption  than  aspen.  Experimental  work  by 
Parrish  and  Bazzaz  (1982)  with  herbaceous  plants  along  a 
nutrient  gradient  tends  to  support  the  hypothesis  that 
climax  species  are  less  nutrient-demanding  than  serai 
species . 

In  conclusion,  the  ordinations  and  correlations  in  this 
study  demonstrate  that  (1)  the  upper  25  cm  of  the  soil 
profile  is  of  primary  importance  in  upland  boreal  forests  of 
central  Alberta,  (2)  data  from  deeper  soil  horizons  may  be 


. 
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required  only  on  rapidly  drained  sites  where  deep-rooting 
occurs  (Table  9)  (Strong  and  La  Roi  1983b),  and  (3)  analyses 
of  root  systems  of  individual  plants  and  communities  could 
provide  information  that  is  important  to  the  understanding 
of  plant  commun i ty-edaphic  relationships.  Attempts  to 
evaluate  such  relationships  exclusively  from  data  on 
above-ground  plant  components  and  soils  cannot  possibly 
provide  equivalent  insight.  However,  the  latter  approach 
may  be  less  handicapped  if  the  researcher  has  some  knowledge 
of  the  distribution  and  abundance  of  roots  in  the  soil  and 
collects  more  biologically  relevant  soils  data. 


CHAPTER  VI 


INTEGRATION 

HYPOTHESES 

During  the  early  stages  of  this  research  three  testable 
hypotheses  were  developed  to  focus  attention  on  the 
relationship  between  plant  community  development  and  root 
distribution  patterns. 

Hypothesis  1  ( The  root  distribution  pattern  of  boreal 
forest  communities  is  related  to  serai  stage  as  based  on 
Stand  age)  is  supported  by  the  results  of  this  research, 
except  on  sites  which  had  significant  rooting  restrictions 
such  as  a  high  water  level  or  fine-textured  substrates 
(Chapter  2).  It  was  found  that  rooting  depth  increased 
with  stand  age  on  sandy  textured  soils,  possibly  as  a  result 
of  increased  site  exploitation  and  niche  separation. 
Hypothesis  1  may  still  be  proven  true  on  fine-textured 
soils,  if  homogeneous  (e.g.,  lacustrine  deposits)  substrates 
could  be  tested.  Sites  with  well  developed  Ae  and  Bt 
horizons,  and/or  parent  material  discontinuities  such  as 
those  associated  with  the  Aspen/Clay  Loam  Series  should  be 
avoided  due  to  their  heterogeneous  nature  and  potential 
differential  effects  on  root  penetration.  Unfortunately, 
such  homogeneous  substrate  conditions  may  be  difficult  to 
find  in  the  Boreal  Mixedwood  Ecoregion. 
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Hypothesis  2  ( The  distribution  and  development  of 
up  1  and  forest  commun i t i es  i s  pr i mar ily  cor re  1  at ed  with  soil 
moisture  availability)  proved  only  partially  true  and 
difficult  to  test  based  on  the  approach  used  in  this  study. 
Black  spruce,  aspen,  and  jack  pine  communities  were 
distributed  along  a  moisture  gradient  from  hygric  to 
semi-xeric  conditions,  respectively.  However,  the 
development  of  these  stands  was  also  influenced  by 
microclimate,  site  conditions,  nutrient  availability, 
species  tolerance  characteristics,  and  successional  trends 
(Chapters  4  and  5).  Soil  moisture  has  an  important  role  in 
the  development  of  forest  communities,  but  it  is  difficult 
to  conclude  that  it  was  the  primary  control  based  on  the 
available  data.  If  soil  moisture  and  the  other  variables 
functioned  independently,  rather  then  in  an  integrated, 
holistic  manner,  it  might  be  possible  to  identify  the  most 
important  variable. 

Hypothesis  3  ( Boreal  Mixedwood  understory  plants 
primarily  extract  soil  moisture  from  the  upper  (e.g.f  60  cm) 
portion  of  the  rooting  zone  on  both  organic  and  mineral 
soils )  appears  to  be  true  for  most  understory  plants,  based 
on  plant  rooting  depths  and  soil/plant  water  potential 
correlations  (Chapter  4).  Exceptions  occurred  on  sandy 
textured  soils  where  plants  such  as  Alnus,  Prunus ,  and  Rosa 
were  deeply  rooted  (>1  m) .  These  plants  may  obtain  a 

significant  portion  of  their  water  supply  from  depths  below 
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60  cm,  but  this  requires  additional  testing.  The  rooting 
depths  of  understory  plants  were  less  than  initially 
anticipated  and  commonly  concentrated  in  the  LFH  horizons  of 
the  soil.  Most  over-  and  understory  species  were  rooted 
within  20  cm  of  the  forest  floor  (Chapter  3). 

ROOTING  DEPTHS  ON  A  GLOBAL  BASIS 


A  general  review  of  published  literature  was  conducted 
in  an  attempt  to  evaluate  the  rooting  patterns  of  upland 
boreal  communities  in  the  study  area  in  comparison  to  those 
of  other  major  ecosystems.  Due  to  the  lack  of  standardized 
methods  of  presenting  rooting  data,  it  was  necessary  to 
intepret  the  results  in  each  article  to  derive  a  common 
characteristic  for  comparing  various  ecosystems.  The  zone 
of  fine-root  (<2  mm)  concentration  was  considered  the  most 
meaningful  because  it  generally  represents  the  zone  of 
nutrient  and  water  absorption. 

Based  on  the  data  presented  in  Table  14,  there  appears 
to  be  a  relationship  between  rooting  depth  and  the  type  of 
ecosystem,  i.e.,  an  increase  in  rooting  depth  occurs  with 
increasing  climatic  aridity.  For  instance,  high 
precipitation  areas  (>1500  mm/year)  such  as  tropical 
rainforests  tend  to  have  a  very  narrow  zone  (4-10  cm)  of 
fine-roots.  Less  humid  mid-latitude  ecosystems  have  a 
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approximately  twice  as  thick  as  tropical 
forests;  while  those  of  grasslands,  xerophytic  shrubs,  and 
desert  ecosystems  are  several  times  thicker  (Table  14). 

These  latter  ecosystems  have  the  deepest  overall  rooting 
depths  (e.g.,  8-12  m) . 

A  general  shift  in  the  location  of  fine-roots  occur 
along  a  gradient  from  moist  tropical  to  desert  vegetation. 
Fine-roots  are  primarily  concentrated  in  the  litter  layers 
of  tropical  soil,  while  chaparral  and  desert  plants  are 
rooted  almost  exclusively  in  the  mineral  soil. 

Intermediate  ecosystems  occupy  both  the  litter  and  uppermost 
mineral  soil  horizons. 

Boreal  forest  communities  in  the  Hondo-Lesser  Slave 
Lake  area  occupy  a  position  between  temperate  beech  forests 
(Meyer  and  Gottsche  1971)  and  semi-xeric  grassland 
vegetation  (Weaver  and  Albertson  1956)  along  the  climatic 
aridity  gradient  presented  in  Table  14.  Fine-roots  were 
concentrated  within  the  upper  20  cm  of  the  rooting  zone 
which  was  composed  of  both  litter  and  mineral  soil  horizons. 
These  characteristics  are  similar  to  those  of  White 
Spruce-Subalpine  Fir  communities  of  British  Columbia 
(Kimmins  and  Hawks  1978)  and  Scots  Pine  stands  of  central 
Sweden  (Persson  1980),  despite  their  widely  separated 
geographical  locations. 
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Why  rooting  depth  changes  with  environmental  aridity  is 
not  entirely  clear,  but  it  may  be  a  response  to  limiting 
factors  imposed  either  directly  or  indirectly  by  climatic 
conditions.  For  example,  moist  rainforest  vegetation  is 
obviously  less  limited  by  soil  moisture  availability  than  by 
nutrients.  St.  John  (1983)  suggests  that  these 
shallow-rooted  ecosystems  are  oriented  towards  the 
absorption  of  nutrients  from  rapidly  decomposing  forest 
litter.  Rapid  decomposition  occurs  when  soil  temperatures 
are  high  and  soil  moisture  is  plentiful.  On  the  other 
hand,  chaparral  and  desert  vegetation  are  directly  limited 
by  the  availability  of  soil  moisture  which  results  from  low 
annual  precipitation  and  high  potential  evapotranspiration 
rates.  Many  desert  plants  have  very  deep  root  systems  for 
extracting  moisture  from  deep  within  the  soil.  In 
contrast,  other  desert  plants  have  broad,  shallow  root 
systems  composed  of  very  fine  roots  for  collecting  moisture 
when  precipitation  is  limited.  Mid-latitude  forests  have 
rooting  depths  intermediate  to  these  extremes. 

Upland  boreal  forests  are  probably  shallow-rooted  due 
to  three  factors:  soil  moisture,  nutrient  limitations,  and 
soil  temperatures.  Such  limitations  may  be  a  response  to 
the  distribution  of  moisture  and  nutrients  within  the  soil 
and  their  interdependence  in  the  litter  decomposition 
process.  Soil  moisture  availability  may  itself  promote 
shallow-rooting.  For  example,  Weaver  and  Albertson  (1956) 
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observed  a  ca.  50%  reduction  in  rooting  depths  of  grasslands 
in  North  American  Great  Plains  at  the  end  of  the  1930' s 
drought.  Their  observations  suggest  that  shallow-rooting 
was  an  advantage  when  reduced  precipitation  resulted  in  less 
downward  percolation  of  soil  moisture.  A  similar  situation 
occurs  in  boreal  forests  when  soil  litter  retains 
precipitation  due  to  its  high  water-holding  capacity  and 
limits  downward  percolation.  Soil  temperatures  may 
contribute  to  shallow-rooting  by  promoting  maximum  nutrient 
turnover  near  the  ground  surface  where  temperatures  are  most 
favorable.  Ultimately,  these  conditions  are  a  response  to 
the  climatic  regime  of  the  area. 

SUCCESS I ONAL  TRENDS  IN  THE  BOREAL  FOREST 

Root  systems  and  rhizomes  appear  to  play  an  important 
role  in  plant  community  succession.  For  example,  the 
re-establishment  of  a  forest  stand  following  natural 
disturbance  (e.g.,  fire)  can  result  from  the  regeneration  of 
many  vascular  plants  from  below-ground  plant  components 
(Rowe  1979).  Approximately  80%  of  the  commonly  occurring 
plants  in  the  study  plots  possessed  rhizomes,  while  others 
are  able  to  regenerate  from  a  root  stock  (e.g.,  A1 nus) .  As 
a  result  the  new  stand  is  strongly  influenced  by  the 
reservoir  of  below-ground  plant  organs  from  the  previous 
stand.  This  is  analogous  to  the  concept  of  a  "seed-bank" 


. 
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sensu  Harper  (1977). 


Generally,  roots  appear  to  play  an  active  role  in 
succession.  Rooting  depth  slowly  increases  with  increasing 
stand  age  on  sites  lacking  significant  restrictions  to 
rooting  depth.  Roots  are  primarily  located  in  the  upper 
portion  of  the  mineral  soil  during  early  succession; 
however,  the  buildup  of  litter  tends  to  promote  the  invasion 
of  roots  into  the  LFH  layers.  During  the  mid  to  late 
stages  of  succession,  white  spruce  and/or  balsam  fir  trees 
invade,  slowly  changing  the  microclimat ic  and  other 
conditions  of  the  stand.  Evergreen  conifers  increase  the 
degree  of  shading  which  in  turn  promotes  the  development  of 
shade-tolerant  species,  suppresses  shade- intolerant  species, 
lowers  the  temperature,  and  changes  the  nutrient  cycling 
regime  of  the  stand.  These  changes  can  result  in  a 
reduction  in  near-surface  rooting  density  due  to  a  reduction 
in  vascular  plant  diversity.  In  addition,  some  plants 
experience  a  change  in  their  above-  and  below-ground  biomass 
ratios,  i.e.,  the  proportion  of  below-ground  biomass 
increases  relative  to  the  above-ground  shoot.  Such  plants 
develop  deformed  and  much  stockier  below-ground  systems  than 
those  commonly  observed  in  younger  stands. 

The  development  of  a  moss  carpet  increases  the 
interception  of  water  and  nutrients,  thus  restricting  their 
availability  to  roots  within  or  immediately  below  the 
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Feathermoss  carpets  also  appear  to  be  a  mechanism  for 
regulating  nutrient  cycling.  Such  regulation  develops  in 
response  to  the  synchronization  of  the  water  supply, 
decomposer  activity,  nutrient  release,  and  nutrient 
absorption  by  roots,  particularly  if  mycorrhizal 
associations  are  involved  in  the  transfer  of  nutrients  to 
plants.  Reduced  soil  temperatures  may  also  contribute  to 
the  accumulation  of  organic  matter  and  regulation  of 
nutrient  release  by  slowing  decomposition.  A  moss  carpet 
may  also  efficiently  limit  the  loss  of  nutrients  from  an 
ecosystem  by  intercepting  throughfall  nutrients  and 
precipitation,  while  limiting  their  flow  to  the  underlying 
soil  horizons.  Late  successional  plants  respond  to  the 

development  of  a  moss  carpet  and  the  accumulation  of  organic 
matter  by  developing  an  extensive  network  of  fine-roots 
within  and/or  immediately  below  this  zone. 
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Nutrient  deprivation  of  serai  species  may  also  be 
experienced  as  a  result  of  preemptive  growth  and  niche 
partitioning  by  climax  trees.  These  mechanisms  of 
succession  may  develop  through  the  growth  of  climax  tree 
roots  above  those  of  serai  species.  As  a  result  the  climax 
species  are  able  to  intercept  nutrients  and  moisture  which 
would  otherwise  have  been  used  by  serai  species.  Niche 
partitioning  can  occur  below-ground  between  climax  species. 


CHAPTER  VII 


CONCLUSIONS 


Several  conclusions  and  hypotheses  can  be  drawn  from 
the  work  described  in  this  dissertation  relative  to  the 
below-ground  ecology  of  Boreal  Mixedwood  plant  communities. 
However,  much  more  research  will  be  required  to  determine 
their  regional  and  global  validity,  i.e.  whether  they 
represent  basic  principles  and  trends  or  only  locally 
verified  phenomena.  These  major  findings  may  be  summarized 
as  follows: 

1.  Roots  are  concentrated  in  the  upper  2  dm  of  the  soil  and 

root  densities  decrease  exponentially  with  increasing 
depth.  (p.  25) 

2.  Rooting  depth  increases  with  increasing  stand  age  on 

sites  lacking  significant  rooting  restrictions.  On 
other  sites  a  maximum  depth  is  reached  and  maintained 
earlier.  (p.  27-30) 

3.  Picea  mariana  communities  growing  on  poorly  to  very 

poorly  drained  soils  have  shallow  rooting  depths 
relative  to  Populus  tremuloides  and  Pinus  banKsiana 
stands.  Sandy  soils  had  the  deepest  rooting  depths. 

(p.  23) 
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4.  Plants  growing  on  xeric  sites  commonly  have  deep 

penetrating  tap-  and  sinker  roots  which  extend  to 
depths  >1  m  (e.g.,  Populus  tremul o ides ,  Pinus 
banks i ana ,  Amel anchier  alnifolia,  Rosa  acicularis, 
Arctostaphyl os  uva-ursi ,  A1 nus  crispa) ,  probably  as  a 
morphological  adaptation  for  obtaining  soil  moisture 
from  deep  within  the  soil.  (p.  52-53,  102-106) 

5.  Horizontal  roots  dominate  the  below-ground  biomass  of 

coniferous  trees.  (p.  45-46) 

6.  A  root:shoot  ratio  of  0.25-0.35:1  can  be  expected  for 

most  upland  trees  in  the  35-40  year  age  range. 

(p.  60) 

7.  Serai  trees  appear  to  have  root  systems  which  are 

morphologically  more  plastic  than  those  of  climax 
trees.  (p.  65) 

8.  Variation  in  rooting  depths  represents  a  niche  separation 

mechanism  or  dimension.  (p.  66-67) 

9.  Precipitation  infrequently  percolates  through  the  soil  of 

Boreal  Mixedwood  communities  due  to  the  high 
water-holding  capacity  of  the  LFH  and  near-surface 
mineral  soil  horizons,  and  the  small  annual  number  (ca. 
<4)  of  heavy  rainfall  ( > 2 0  mm)  and  spring  snowmelt 
events  which  are  sufficient  to  recharge  the  entire  soil 
profile .  (p.  35 ,  112) 
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10.  Soil  moisture  on  upland  sites  was  more  available  to 

plants  rooted  near  the  ground  surface  relative  to 
moisture  supplies  occurring  between  20-60  cm  during  the 
summer  of  1982.  This  is  thought  to  be  the  prevailing 
trend  for  Boreal  Mixedwood  communities,  rather  than  a 
unique  case .  (p.  Ill) 

11.  An  early  summer  (May  to  mid-June)  soil  moisture  deficit 

may  be  more  critical  to  plant  survival  and  seed 
production  in  central  Alberta  than  the  more  common 
late-summer  moisture  deficit  which  characterizes 
southern  portions  of  the  province.  (p.  86-91) 

12.  Shallow-rooted  plants,  particularly  ericaceous  and/or 

evergreen  species  (e.g.,  V acci n ium  v it i s- idaea , 

\/.  myrt i 1 loides,  Pyrola  asarifol  ia)  ,  have  more  widely 
fluctuating  plant  water  potentials  (^t)  than  more 
deeply  rooted  species.  (p.  113) 

13.  Summer  plant  water  potential  patterns  of  different  tree 

species  were  more  similar  than  site  differences  might 
suggest.  This  is  in  part  a  response  to  below-ground 
adaptations  for  obtaining  moisture  on  xeric  sites  and 
very  shallow  rooting  on  hygric  sites  where  excess 
moisture  occurs.  (p.  86-91,  98) 

14.  The  root  distribution  pattern  of  serai  Populus 

tremul oides  communities  are  more  strongly  correlated 
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with  soil  nutrients  in  the  LFH  layer  of  the  soil  than 
subclimax  P icea- Abies  stands.  (p.  144-145) 

15.  Phosphorus  appears  to  be  an  important  limiting  factor  to 
plant  community  development  on  upland  sites  within  the 
Hondo-Lesser  Slave  Lake  study  area.  (p.  141) 


16.  Niche  separation  occurs  below-ground  between  co-existing 
serai  and  climax  trees  as  well  as  among  climax  trees. 
Such  separations  are  a  result  of  different  rooting 
depths.  For  example,  jack  pine  (a  serai  species)  has 
its  main  lateral  roots  in  mineral  soil,  whereas  white 
spruce  and  balsam  fir  (a  climax  species)  develop  their 
lateral  roots  in  the  LFH  horizon.  These  different 
rooting  depths  represent  a  physical  separation  of  root 
systems.  In  addition,  balsam  fir  has  deep  penetrating 
oblique  lateral  and  tap-roots  which  further  reduce  the 
niche  overlap  between  itself  and  white  spruce,  assuming 
these  roots  provide  an  absorptive  as  well  as  a  support 
function.  (p.  66-68) 


17.  The  growth  of  climax  tree  ( Abies  bal samea ,  Picea  glauca) 
roots  above  those  of  serai  species  may  cause  resource 
preemption  and  competitive  exclusion,  and  may  be  a 
successional  mechanism.  Coupled  synergi st ically  with 
changes  in  microclimate  and  soil  litter  composition, 
the  root  behavior  of  climax  species  may  promote  their 
growth  at  the  expense  of  serai  species.  (p.  34-35) 


'  '  ) 


18.  Feathermoss  carpets  appear  to  be  important  interceptors 

of  nutrients  and  water.  (p.  34-35) 

19.  Populus  tremul oides  seems  to  be  more  susceptible  to 

nutrient  deprivation  by  feathermoss  carpets  than  Pinus 
banks i ana  which  tends  to  be  a  more  oligotrophic  species 
than  Populus.  (p.  66-68) 

20.  Abies  bal samea  and  Picea  glauca  have  root  systems  which 

are  morphologically  more  similar  to  each  other  on  clay 
loam  than  on  sandy  soils  where  niche  overlap  between 
these  species  is  minimal.  (p.  68,  115). 

21.  Succession  appears  to  reduce  the  length  and  severity  of 

plant  water  deficits  and  increase  the  synchronization 
of  summer  plant  water  potential  patterns.  (p.  118) 

22.  Sample  size  estimates  indicate  that  30-40,  40-200,  and 

>200  root  density  samples  (one  sample/horizon/pits) 
would  be  required  to  obtain  surface  (LFH,  A),  B,  and  C 
horizon  root  densities  within  15%  of  the  true 
population  mean  at  the  P<95%  level,  respectively  (Husch 
1963,  p.  358).  These  estimates  were  based  on  root 
density  values  (n=7)  which  were  similar  to  those  used 
in  Table  12.  (p.  129) 
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This  study  has  demonstrated  that  the  relationships 
between  boreal  plants  and  their  edaphic  environments  are 
less  complex  than  those  recognized  in  above-ground  studies. 
Although  root  systems  may  not  prove  to  be  the  ultimate  key 
to  an  understanding  of  plant  community  development  and 
species  co-existence  questions,  they  do  appear  to  play  a 
more  significant  role  than  was  previously  thought.  In 
addition,  root  studies  of  plant  communities  may  provide  a 
new  perspective  on  old  ecological  questions.  It  is  now 
difficult  to  conceive  of  a  definitive  study  of  plant/edaphi 
relationships  without  detailed  attention  to  root  systems. 
Root  system  studies  thus  represent,  from  a  descriptive  as 
well  as  experimental  perspective,  a  reservoir  of  relatively 
untapped  research  possibilities. 
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APPENDIX  I 


ROOT  PROFILE  DATA 

Appendix  I  contains  the  77  root  profile  counts  which 
were  used  in  Chapter  II.  The  Plot,  subplot,  counting  cell 
by  row  and  column,  and  number  and  size  of  roots  per  cell  are 
given  within  the  following  table.  For  example, 


B  -  0.075  -  1.0  mm 
C  -  1.0  -  2.0  mm 
D  -  2.0  -  5.0  mm 
E  -  >5.0  mm 
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APPENDIX  II 


PLANT  WATER  POTENTIAL  DATA  AND  CORRECTIONS 

Appendix  II  contain  plant  water  potential  data  as 
measured  with  a  Scholander  Pressure  Bomb  and  associated 
corrections.  The  following  is  a  summary  of  each  column 
found  in  the  Appendix. 

Column  Description 
Date  Date  of  Sampling 
Time  Mountain  Standard  Time 
A  Cloud  Conditions 

C-  Clear  (<10%  cloud  cover). 

PC  -  Partially  Cloudy  (10-30%  cloud  cover) 

H  -  Haze  (10-30%  cloud  cover) 

CL  -  Cloudy  (t  30-80%  cloud  cover) 

0  or  F  -  Overcast  or  Foggy  (>80%  cloud  cover) 

B  Raw  Scholander  Pressure  Bomb  Readings  (-MPa) 

C  Diurnal  Plant  Water  Potential  Correction 
D  Correction  for  Cloud  Cover 

C  =  1.0,  PC  or  H  =  0.75,  CL  =  0.50,  0  or  F  =  0.25 
E  C  x  D 

F  Estimated  Plant  Water  Potential  at  0700  hrs  (B  -  E) 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

Abies  balsamea  - 

Plot 

.  4 

May  1  0 

0820 

C 

-6.5 

4.5 

1  .0 

4.5 

-2.0 

May  1  4 

1  140 

c 

-10.0 

13.5 

1.0 

13.5 

+  3.5 

May  18 

0825 

c 

-9.0 

4.5 

1  .0 

4.5 

-4.5 

May  22 

1055 

c 

-14.0 

14.0 

1.0 

14.0 

-0.0 

May  26 

1045 

CL 

-10.0 

13.4 

0.5 

6.7 

-3.3 

May  30 

0940 

C 

-9.0 

9.7 

1  .0 

9.7 

+  0.7 

June  3 

1040 

C 

-15.0 

13.0 

1  .0 

13.0 

-2.0 

June  7 

0730 

C 

-8.5 

1  .  0 

1  .0 

1  .0 

-7.5 

June  1  1 

1030 

C 

-22.0 

12.8 

1  .0 

12.8 

-9.2 

June  15 

0945 

C 

-18.0 

10.4 

1  .0 

10.4 

-7.6 

June  19 

0830 

S 

-13.0 

4.5 

0.75, 

3.4 

-9.6 

June  23 

0825 

PC 

-11.0 

4.5 

0.75 

3.4 

-7.6 

June  27 

0830 

CL 

-13.0 

4.5 

0.5 

2.3 

-10.7 

July  1 

0855 

0 

-5.5 

7.0 

0.25 

1  .8 

-3.7 

July  5 

0920 

0 

-4.5 

8.4 

0.25 

1  .7 

-2.8 

July  9 

0815 

C 

-9.0 

3.3 

1.0 

3.3 

-5.7 

July  13 

0715 

C 

-7.0 

0.5 

1  .0 

0.5 

-6.5 

July  17 

0720 

SF 

-9.0 

0.7 

0.25 

0.2 

-8.8 

July  21 

1030 

0 

-10.0 

12.8 

0.25 

3.2 

-6.8 

July  25 

0900 

H 

-9.0 

7.0 

0.75 

5.3 

-3.7 

July  29 

0800 

C 

-5.5 

2.0 

1.0 

2.0 

-3.5 

Aug  2 

0820 

0 

-4.0 

3.7 

1.0 

3.7 

-0.3 

Aug  6 

1030 

0 

-13.5 

12.8 

0.25 

3.1 

-10.4 

Aug  1  0 

0805 

0 

-7.0 

2.0 

0.25 

0.5 

-6.5 

Aug  14 

0720 

0 

-5.0 

0.6 

0.25 

0.2 

-4.8 

Aug  18 

0805 

C 

-8.5 

2.0 

1  .0 

2.0 

-6.5 

Aug  22 

0905 

PC 

-8.5 

7.0 

0.6 

4.2 

-4.3 

Abies  balsamea  - 

-  Plot  6 

May  1 0 

0715 

C 

-5.0 

0.4 

1  .0 

0.4 

-4.6 

May  1 4 

1020 

C 

-2.5 

5.5 

1  .0 

5.5 

+  3.0 

May  18 

0710 

C 

-1.0 

0.3 

1  .0 

0.3 

-0.7 

May  22 

1000 

C 

-14.5 

5.0 

1.0 

5.0 

-9.5 

May  26 

0955 

C 

-1.0 

5.0 

1.0 

5.0 

+  4.0 

May  30 

0835 

C 

-9.5 

2.5 

1  .0 

2.5 

-7.0 

June  3 

1205 

C 

-13.0 

8.5 

1  .0 

8.5 

-4.5 

June  7 

0900 

C 

-10.5 

3.4 

1.0 

3.4 

-7.  1 

June  1  1 

1205 

CL 

-11.0 

8.5 

0.5 

4.3 

-7.7 

June  15 

0820 

C 

-12.5 

2.2 

1  .0 

2.2 

-10.3 

June  19 

0645 

CL 

+  0.4 

0.5 

0.5 

+  0.2 

-0.6 

June  23 

0935 

PC 

-4.2 

4.2 

0.75 

3.2 

-12.3 

June  27 

0850 

CL 

-12.0 

1.3 

0.5 

0.7 

-11.3 

July  1 

0745 

0 

-3.0 

1  .2 

0.25 

0.3 

-2,7 

July  5 

0815 

0 

-2.5 

0.5 

0.25 

0.1 

-2.4 

July  9 

0940 

C 

-9.5 

4.4 

1.0 

4.4 

-5.1 

July  13 

0745 

C 

-7.5 

1  .2 

1.0 

1  .2 

-6.3 

July  17 

0810 

C 

-12.0 

1  .9 

1.0 

1  .9 

-10.1 

July  21 

0925 

CL 

-7.0 

4.2 

0.5 

2.1 

-4.9 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  25 

1035 

H 

-11.5 

5.9 

0.75 

4.4 

-7.1 

July  29 

0710 

C 

-4.0 

0.3 

1.0  . 

0.3 

-3.7 

Aug  2 

0705 

0 

-7.0 

0.0 

0.25 

0.0 

-7.0 

Aug  6 

1145 

CL 

-11.0 

8.0 

0.5 

4.0 

-7.0 

Aug  10 

0650 

H 

-4.5 

+  0.3 

0.75 

+  0.2 

-4.7 

Aug  1 4 

0805 

0 

-5.0 

1  .6 

0.25 

0.4 

-4.6 

Aug  1  8 

0710 

C 

-4.0 

0.3 

1  .0 

0.3 

-3.7 

Aug  22  1015 

A1 nus  crispa  - 

PC 

Plot 

-8.0 

1 

5.4 

0.75 

4.6 

-3.4 

June  27 

1200 

PC 

-12.5 

10.1 

0.75 

7.6 

-4.9 

July  1 

1200 

PC 

-11.5 

10.1 

0.75 

7.6 

-3.9 

July  5 

1125 

CL 

-9.0 

9.7 

0.5 

4.9 

-4.  1 

July  9 

1230 

C 

-13.5 

10.0 

1.0 

10.0 

-3.5 

July  13 

1045 

C 

-14.5 

9.0 

1  .0 

9.0 

-5.5 

July  17 

1245 

PC 

-17.0 

10.0 

0.75 

7.5 

-9.5 

July  21 

0645 

0 

-3.0 

+  0.7 

0.25 

1  .6 

-1.4 

July  25 

1205 

H 

-12.5 

10.1 

0.75 

7.6 

-4.9 

July  29 

1020 

C 

-10.0 

8.4 

1  .0 

8.4 

-1.6 

Aug  2 

0955 

0 

-3.0 

7.8 

0.25 

2.0 

-1.0 

Aug  6 

0720 

CL 

-4.5 

1  .3 

0.5 

0.7 

-3.8 

Aug  10 

1005 

0 

-6.5 

7.8 

0.25 

2.0 

-4.5 

Aug  14 

1020 

0 

-5.5 

8.4 

0.25 

4.  1 

-1.4 

Aug  1 8 

1030 

C 

-13.0 

8.6 

1  .0 

8.6 

-4.4 

Aug  22  0700 

AT nus  crispa  - 

PC 

Plot 

o 

o 

1 

CM 

0.0 

0.75 

0.0 

-0.0 

June  3 

0825 

C 

-7.5 

3.9 

1  .0 

CD 

CO 

-3.6 

June  7 

1155 

C 

-12.0 

10.1 

1  .0 

10.1 

-1.9 

June  1 1 

0750 

C 

-7.0 

2.0 

1  .0 

2.0 

-5.0 

June  15 

1235 

C 

-16.5 

10.0 

1  .0 

10.0 

-6.5 

June  19 

1150 

C 

-16.0 

10.1 

1  .0 

10.1 

-5.9 

June  23 

1110 

C 

-13.5 

10.1 

1  .0 

10.1 

-3.4 

June  27 

1130 

CL 

-10.5 

9.8 

0.5 

4.9 

-5.6 

July  1 

1120 

CL 

-6.0 

9.7 

0.5 

4.9 

-1.1 

July  5 

0710 

0 

-2.0 

0.7 

0.25 

0.2 

-1.8 

July  9 

1210 

C 

-12.5 

10.1 

1  ,0 

10.1 

-2.4 

July  13 

1110 

C 

-13.0 

9.7 

1  .0 

9.7 

-3.3 

July  17 

1220 

PC 

-15.0 

10.1 

0.75 

7.6 

-7.4 

July  21 

0750 

0 

-3.5 

-2.0 

0.25 

0.5 

-3.0 

July  25 

0720 

H 

-2.0 

0.7 

0.75 

0.5 

-1.5 

July  29 

1000 

C 

-16.5 

7.8 

1.0 

7.8 

-8.7 

Aug  2 

1040 

0 

-2.5 

9.1 

0.25 

2.3 

-0.2 

Aug  6 

0830 

CL 

-5.0 

3.9 

0.50 

2.0 

-3.0 

Aug  10 

1050 

0 

-7.5 

9.1 

0.25 

2.3 

-5.2 

Aug  1 4 

1000 

0 

-6.5 

7.8 

0.25 

2.0 

-4.5 

Aug  1 8 

1000 

C 

-12.0 

7.8 

1.0 

7.8 

-4.2 

Aug  22 

0720 

CL 

-2.0 

0.7 

0.5 

0.3 

-1.7 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

Alnus  crispa  - 
June  3  0915 

Plot 

C 

3 

-9.0 

5.9 

1  .0 

5.9 

-3.  1 

dune  7 

1225 

C 

-10.0 

10.1 

1  .0 

10.1 

-0.0 

dune  1  1 

0940 

c 

-14.0 

7.2 

1  .0 

7.2 

-6.8 

dune  15 

1130 

c 

-16.5 

9.8 

1  .0 

9.8 

-6.7 

dune  19 

1030 

c 

-8.5 

8.7 

1  .0 

8.7 

-0.2 

dune  23 

0705 

5 

-6.5 

0.0 

0.9 

0.0 

-6.5 

dune  27 

1015 

CL 

-7.0 

8.2 

0.5 

4.  1 

-2.9 

duly  1 

0940 

0 

-3.0 

7.2 

0.25 

1  .8 

-1  .2 

duly  5 

1045 

0 

-3.5 

9.1 

0.25 

2.3 

-1  .2 

duly  9 

0710 

c 

-5.0 

0.7 

1  .0 

0.7 

-4.3 

duly  13 

0945 

c 

7.0 

7.2 

1  .0 

7.2 

+  0.2 

duly  17 

1105 

c 

-11.0 

9.5 

1  .0 

9.5 

-1.5 

duly  21 

0850 

0 

-3.5 

4.6 

0.25 

1  .  1 

-2.4 

duly  25 

0920 

H 

-3.5 

3.3 

0.75 

2.4 

-1.1 

duly  29 

0915 

C 

-7.0 

5.9 

1  .0 

5.9 

-1.2 

Aug  2 

0925 

0 

-2.0 

6.5 

0.25 

1  .6 

-0.4 

Aug  6 

0940 

CL 

-7.0 

7.2 

0.5 

3.6 

-3.4 

Aug  1  0 

0905 

0 

-6.0 

5.2 

0.25 

1  .3 

-4.7 

Aug  1 4 

0915 

0 

-4.5 

5.9 

0.25 

1.5 

-3.0 

Aug  18 

0910 

c 

-9.0 

5.9 

1  .0 

5.9 

-3.  1 

Aug  22 

0815 

CL 

-2.0 

3.3 

0.5 

1.6 

-0.4 

Alnus  crispa  - 
May  30  1130 

Plot 

C 

9 

-13.5 

9.8 

1  .0 

9.8 

-3.7 

dune  3 

0950 

c 

-16.0 

7.2 

1  .0 

7.2 

-8.8 

dune  7 

1300 

CL 

-18.5 

10.0 

0.5 

5.0 

-13.5 

dune  1  1 

0905 

C 

-18.5 

5.2 

1  .0 

5.2 

-13.3 

dune  15 

1050 

C 

-14.0 

9.1 

1  .0 

9.  1 

-4.9 

dune  19 

1010 

C 

-12.5 

8.2 

1  .0 

8.2 

-4.3 

dune  23 

0720 

S 

-8.0 

0.7 

0.9 

0.6 

-7.4 

dune  27 

0935 

CL 

-7.5 

6.5 

0.5 

3.3 

-4.2 

duly  1 

1000 

0 

-4.5 

7.8 

0.25 

2.0 

-2.5 

duly  5 

1035 

0 

-3.5 

8.7 

0.25 

2.2 

-1.3 

duly  9 

0630 

S 

-4.5 

-1.3 

1  .0 

-1.3 

-5.8 

duly  13 

0915 

C 

-11.0 

5.9 

1  .0 

5.9 

-5.  1 

duly  17 

1035 

C 

-17.5 

8.7 

1  .0 

8.7 

-8.8 

duly  21 

0825 

CL 

-3.5 

3.9 

0.4 

1  .6 

-1.9 

duly  25 

0750 

H 

-3.0 

2.0 

0.75 

1.5 

-1.5 

duly  29 

0845 

C 

-6.5 

4.6 

1  .0 

4.6 

-1.9 

Aug  2 

0905 

0 

-1.5 

5.2 

0.25 

1  .3 

-0.2 

Aug  6 

0900 

CL 

-5.0 

5.2 

0.5 

2.6 

-2.4 

Aug  1  0 

0850 

0 

-8.0 

4.6 

0.25 

1  .  1 

-6.9 

Aug  1 4 

0900 

0 

-5.0 

5.2 

0.25 

1  .3 

-3.7 

Aug  1  8 

0850 

C 

-7.5 

4.6 

1  .0 

4.6 

-2.9 

Aug  22 

0800 

C 

-1.0 

2.6 

1  .0 

2.6 

-1.6 

Alnus  crispa  - 
dune  3  0810 

Plot 

C 

10 

-4.0 

0.8 

1  .0 

0.8 

-3.2 

dune  7 

1120 

C 

-4.0 

4.8 

1  .0 

0.8 

-3.2 

. 

. 
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D.ate 

T  i  me 

A 

B 

C 

D 

E 

F 

June  1 1 

0815 

C 

-6.0 

0.8 

1  .0 

0.8 

-5.2 

June  15 

1310 

C 

-13.5 

6.5 

1  .0 

6.5 

-7.0 

June  1 9 

1100 

c 

-9.0 

4.5 

1  .0 

4.5 

-4.5 

June  23 

1130 

c 

-9.5 

5.0 

1  .0 

5.0 

-4.5 

June  27 

1045 

CL 

-9.0 

4.0 

0.5 

2.0 

-7.0 

July  1 

1050 

CL 

-3.0 

4.0 

0.5 

2.0 

-1.0 

July  5 

0640 

0 

-2.0 

+  0.  1 

0.25 

0.0 

-2.0 

July  9 

1120 

c 

-11.0 

4.8 

1  .0 

4.8 

-6.2 

July  13 

1145 

PC 

-14.0 

5.3 

0.75 

3.9 

-10.1 

July  17 

1140 

c 

-12.5 

5.3 

1  .0 

5.3 

-7.2 

July  21 

0710 

0 

-1.5 

0.  1 

0.25 

0.0 

-1.5 

July  25 

0640 

H 

-2.0 

+  0.  1 

0.9 

+  0 .  1 

-1  .9 

July  29 

0940 

C 

-3.5 

2.3 

1.0 

2.3 

-1  .2 

Aug  2 

1015 

0 

-2.0 

3.0 

0.25 

0.8 

-1  .2 

Aug  6 

0750 

CL 

-3.0 

0.3 

0.5 

0.2 

-2.8 

Aug  10 

1025 

0 

-5.5 

3.5 

0.25 

0.9 

-2.6 

Aug  14 

0940 

0 

-5.5 

2.3 

0.25 

0.6 

-4.9 

Aug  1 8 

0930 

C 

-10.0 

2.0 

1  .0 

2.0 

-8.0 

Auq  22 

0740 

0 

-1.5 

0.3 

0.35 

0.  1 

-1.4 

Amelanchier  alnifolia 

-  Plot 

9 

June  3 

0950 

C 

-21  .0 

10.7 

1  .0 

10.7 

-10.3 

June  7 

1300 

CL 

-20.0 

15.0 

0.5 

7.5 

-12.5 

June  1  1 

0905 

C 

-10.0 

6.5 

1  .0 

6.5 

-3.5 

June  15 

1050 

C 

-22.5 

15.0 

1.0 

15.0 

-7.5 

June  19 

1010 

C 

-23.0 

12.2 

1  .0 

12.2 

-10.8 

June  23 

0720 

S 

-20.5 

0.75 

0.75 

0.6 

-19.9 

June  27 

0935 

- 

- 

- 

- 

- 

- 

July  1 

1000 

0 

-4.5 

11.5 

0.25 

2.3 

-2.2 

July  5 

1035 

0 

-4.0 

13.5 

0.25 

3.4 

-0.6 

July  9 

0630 

c 

- 

- 

- 

- 

- 

July  13 

0915 

c 

-14.0 

7.5 

1  .0 

7.5 

-6.5 

July  17 

1035 

c 

-13.0 

13.0 

1  .0 

13.0 

-0.0 

July  21 

0825 

0 

-4.5 

4. 1 

0.35 

1  .4 

-3.  1 

July  25 

0750 

H 

-4.0 

2.9 

0.75 

2.2 

-1.8 

July  29 

0845 

C 

-10.0 

5.5 

1  .0 

5.5 

-4.5 

Aug  2 

0905 

0 

-2.5 

6.5 

0.25 

1  .6 

-0.9 

Aug  6 

0900 

CL 

-9.5 

6.5 

0.5 

3.3 

-6.2 

Aug  1 0 

0850 

0 

-10.0 

5.8 

0.25 

1.5 

-8.5 

Aug  1 4 

0900 

0 

-7.0 

6.5 

0.25 

1  .6 

-5.4 

Aug  1 8 

0850 

C 

-8.0 

5.8 

1  .0 

5.8 

-2,2 

Auq  22 

0800 

C 

-2.0 

2.5 

1  .0 

2.5 

+  0.5 

Arctostaphylos 

uva-ursi  -  Plot  1 

May  1 0 

1045 

C 

-16.0 

-12.3 

1.0 

-12.3 

-3.7 

May  1 4 

1500 

C 

-5.5 

8.5 

1  .0 

8.5 

+  3.0 

May  18 

1105 

C 

-5.0 

12.5 

1.0 

12.5 

+  7.5 

May  22 

0745 

C 

-7.0 

o 

CO 

1.0 

3.0 

-4.0 

May  26 

1210 

CL 

-13.0 

12.9 

0.5 

6.5 

-6.5 

May  30 

1330 

CL 

-20.5 

12.2 

0.5 

6.1 

-14.4 

•  ■ 
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Date 

T  ime 

A 

B 

c 

D 

E 

F 

June  3 

0735 

C 

-9.0 

2.0 

1  .0 

2.0 

-7.0 

June  7 

1100 

C 

-17.5 

12.5 

1  .0 

12.5 

-5.0 

June  1 1 

0720 

c 

-13.0 

1  .0 

1  .0 

1  .0 

-12.0 

June  15 

1200 

s 

-19.5 

-13.0 

1  .0 

13.0 

-6.5 

June  19 

0920 

s 

-26.0 

9.3 

0.75 

6.9 

19.  1 

June  23 

1205 

PC 

-22.5 

13.0 

0.75 

9.8 

12.7 

June  27 

1200 

CL 

-21  .0 

13.0 

0.5 

6.5 

-14.5 

July  1 

1200 

CL 

-12.5 

13.0 

0.75 

9.8 

-2.7 

July  5 

1125 

PC 

-5.0 

12.8 

0.5 

6.4 

+  1.4 

July  9 

1230 

s 

-14.0 

12.9 

1  .0 

12.9 

-1.1 

July  13 

1045 

c 

-22.5 

12.2 

.1.0 

12.3 

-10.2 

July  17 

1245 

c 

-20.0 

12.8 

1  .0 

12.8 

-7.7 

July  21 

0645 

0 

-2.5 

+  1  .0 

0.25 

+  0.25 

-2.8 

July  25 

1205 

H 

-7.5 

13.0 

0.75 

9.8 

+  2.2 

July  29 

1020 

C 

-9.0 

11.8 

1  .0 

11.8 

+2.8 

Aug  2 

0955 

0 

-2.5 

11.5 

0.25 

2.9 

+  0.4 

Aug  6 

0720 

CL 

-5.0 

1.0 

0.5 

0.5 

-4.5 

Aug  1 0 

1005 

0 

-6.0 

11.5 

0.25 

2.9 

-3.1 

Aug  14 

1020 

0 

-5.0 

11.8 

0.25 

2.9 

-2.  1 

Aug  18 

1  130 

C 

-10.0 

12.0 

1  .0 

12.0 

+  2.0 

Aug  22 

0700 

CL 

-2.0 

0.0 

0.5 

0.0 

-2.0 

Arctostaphyl os  uva-ursi  -  Plot  2 

May  1 0 

1025 

C 

-12.0 

12.0 

1  .0 

12.0 

0 

May  1 4 

1430 

C 

-10.5 

10.0 

1.0 

10.0 

-0.5 

May  18 

1045 

C 

LO 

ID 

1 

12.3 

1  .0 

12.3 

+6.8 

May  22 

0845 

C 

-11.0 

7.4 

1  .0 

7.4 

-3.6 

May  26 

1150 

CL 

-13.0 

12.9 

0.5 

6.4 

-6.6 

May  30 

1255 

CL 

-28.0 

12.7 

0.5 

6.4 

-21  .6 

June  3 

0825 

C 

-23.0 

6.3 

1  .0 

6.3 

-16.3 

June  7 

1155 

C 

-27.0 

12.0 

1  .0 

13.0 

-14.0 

June  1 1 

0850 

C 

-19.5 

CO 

O 

1  .0 

3.0 

-16.5 

June  15 

1235 

C 

-23.0 

12.9 

1  .0 

12.9 

-10.1 

June  19 

1150 

S 

-26.0 

12.9 

0.75 

9.7 

-16.3 

June  23 

1110 

C 

-24.0 

1  .0 

1  .0 

12.6 

-11.4 

June  27 

1130 

CL 

-27.0 

12.8 

0.5 

6.4 

-20.6 

July  1 

1120 

0 

-6.5 

12.6 

0.25 

3.2 

-3.3 

July  5 

0710 

0 

-1.0 

1  .0 

0.25 

0.3 

-0.7 

July  9 

1210 

C 

-19.0 

12.9 

1  .0 

12.9 

-6.1 

July  13 

1110 

C 

-18.0 

12.6 

1  .0 

12.6 

-5.3 

July  17 

1220 

PC 

-23.5 

12.9 

0.75 

9.7 

-13.8 

July  21 

0750 

0 

-5.5 

3.0 

0.25 

0.8 

-4.7 

July  25 

0720 

H 

-1.5 

1  .0 

0.75 

0.8 

-0.7 

July  29 

1000 

C 

-20.0 

11.5 

1.0 

11.5 

-8.5 

Aug  2 

1040 

0 

-3.0 

12.3 

0.25 

3.1 

+  0.  1 

Aug  6 

0830 

CL 

-8.0 

6.3 

0.5 

3.  1 

-4.9 

Aug  1 0 

1050 

0 

-8.5 

12.3 

0.25 

3.  1 

-5.4 

Aug  14 

1000 

0 

-6.0 

11.5 

0.25 

2.9 

-3.1 

Aug  18 

1000 

c 

-15.0 

11.5 

1  .0 

11.5 

-3.5 

Aug  22 

0720 

CL 

-1.5 

1  .0 

0.5 

0.5 

-1.0 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

Connus  canadensis  - 
May  14  1300  C 

Plot  3 
-10.0 

8.7 

1  .0 

8.7 

-1.3 

May  18 

0935 

C 

-9.0 

5.  1 

1  .0 

5.  1 

-3.9 

May  22 

1220 

PC 

-14.0 

8.5 

0.75 

6.4 

-7.6 

May  26 

0715 

C 

-2.5 

0.5 

1  .0 

0.5 

-2.0 

May  30 

1035 

C 

-22.0 

6.9 

1  .0 

6.9 

-15.1 

June  3 

0915 

C 

-6.0 

4.7 

1  .0 

4.7 

-1.3 

June  7 

1225 

C 

-17.0 

8.6 

1  .0 

8.6 

-8.4 

June  1  1 

0940 

C 

-11.0 

5.6 

1  .0 

5.6 

-5.4 

June  15 

1130 

C 

-12.5 

8.  1 

1  .0 

8.  1 

-4.4 

June  19 

1030 

C 

-14.0 

6.9 

1  .0 

6.9 

-7.  1 

June  23 

0805 

S 

-8.0 

0.0 

0.75 

0.0 

-8.0 

June  27 

1015 

CL 

-14.5 

6.4 

0.5 

3.2 

-11.3 

July  1 

0940 

0 

-2.5 

5.6 

0.25 

1  .4 

-1.1 

July  5 

1045 

0 

-4.5 

-7.3 

0.25 

1  .8 

-2.7 

July  9 

0710 

C 

-4.5 

0.5 

1  .0 

0.5 

-4.0 

July  13 

0945 

C 

-13.5 

5.6 

1  .0 

5.6 

-7.9 

July  17 

1105 

C 

-8.5 

7.7 

1  .0 

7.7 

-0.8 

July  21 

0850 

0 

-6.0 

3.7 

0.25 

0.9 

-5.1 

July  25 

0820 

H 

-3.0 

2.6 

0.75 

1  .9 

-1.1 

July  29 

0915 

C 

-9.0 

4.7 

1  .0 

4.7 

-4.3 

Aug  2 

0925 

0 

-2.0 

5.1 

0.25 

1  .3 

-0.7 

Aug  6 

0940 

CL 

-10.5 

5.6 

0.5 

2.8 

-7.7 

Aug  1  0 

0905 

0 

-7.5 

4.2 

0.25 

1  .  1 

-6.4 

Aug  1 4 

0915 

0 

-5.0 

4.7 

0.25 

1  .2 

-3.8 

Aug  1 8 

0910 

C 

-5.0 

4.7 

1  .0 

4.7 

-0.3 

Aug  22 

0815 

CL 

-3.5 

2.6 

0.5 

1  .3 

-2.2 

Cornus  canadensis  - 
May  14  1140  C 

Plot  4 
-6.5 

8.2 

1  .0 

8.2 

+  1  .7 

May  18 

0825 

C 

-8.0 

3.  1 

1  .0 

3.  1 

-4.9 

May  22 

1055 

C 

-19.5 

7.7 

1  .0 

7.7 

-11.8 

May  26 

1045 

CL 

-5.0 

7.3 

0.5 

3.6 

-1.4 

May  30 

0940 

C 

-16.5 

5.6 

1  .0 

5.6 

-10.9 

June  3 

1040 

C 

-19.0 

7.3 

1  .0 

7.3 

-11.7 

June  7 

0730 

C 

-11.0 

1.0 

1  .0 

1  .0 

-10.0 

June  1 1 

1020 

C 

-8.0 

6.9 

1  .0 

6.9 

-1.1 

June  15 

0945 

C 

-11.5 

5.6 

1  .0 

5.6 

-5.9 

June  19 

0830 

S 

-8.5 

3.  1 

0.75 

2.3 

-6.2 

June  23 

0825 

PC 

-8.0 

3.  1 

0.75 

2.3 

-5.7 

June  27 

0830 

CL 

-6.5 

3.  1 

0.5 

1  .6 

-4.9 

July  1 

0855 

0 

-3.5 

4.2 

0.25 

1  .  1 

-2.4 

July  5 

0920 

0 

-1.5 

4.7 

0.25 

1  .2 

-0.3 

July  9 

0815 

C 

-4.5 

2.6 

1  .0 

2.6 

-1.9 

July  13 

0715 

C 

-7.5 

0.5 

1  .0 

0.5 

-7.0 

July  17 

0720 

F 

o 

o 

0.5 

0.75 

0.4 

-9.6 

July  21 

1030 

0 

-8.0 

6.9 

0.25 

1  .7 

-6.3 

July  25 

0900 

H 

-4.5 

-4.2 

0.75 

3.2 

-1.3 

July  29 

0800 

C 

-4.0 

2.0 

1.0 

2.0 

-2.0 

' 
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Date_ Time  A  B_ C_ D_ E_ F 


Aug  2 

0820 

0 

-0.0 

2.6 

0.25 

+  0.6 

+  0.6 

Aug  6. 

1030 

0 

-13.0 

6.9 

0.25 

1  .7 

-11.3 

Aug  1  0 

0805 

CL 

5.0 

2.0 

0.5 

0.5 

-4.5 

Aug  14 

0720 

0 

-4.0 

0.5 

0.25 

0.  1 

-3.9 

Aug  1 8 

0805 

C 

-4.0 

2.0 

1  .0 

2.0 

-2.0 

Aug  22  0905  CL 

Cornus  canadensis  - 

-2.5 
Plot  5 

4.2 

0.5 

2.  1 

-0.4 

May  1 4 

0945 

c 

-7.5 

5.6 

1  .0 

5.6 

-1.9 

May  1 8 

0735 

c 

-4.5 

1  .0 

1.0 

1  .0 

-3.5 

May  22 

0930 

c 

-15.0 

5.1 

1  .0 

5.1 

-9.9 

May  26 

0915 

c 

-2.0 

4.7 

1  .0 

4.7 

+  4.7 

May  30 

0800  • 

c 

-7.5 

2.0 

1  .0 

2.0 

-5.5 

June  3 

1130 

c 

-20.0 

8.  1 

1  .0 

8.  1 

-11.9 

June  7 

0830 

c 

-17.0 

3.  1 

1  .0 

3.  1 

-13.9 

June  1 1 

1130 

c 

-15.0 

8.  1 

1.0 

8.  1 

-6.9 

June  15 

0755 

c 

-8.5 

2.0 

1  .0 

2.0 

-6.5 

June  19 

0710 

CL 

-6.5 

0.5 

0.5 

0.3 

-6.2 

June  23 

0955 

PC 

-8.0 

6.0 

0.75 

4.5 

-3.5 

June  27 

0715 

CL 

-4.5 

0.5 

0.5 

0,3 

-4.2 

July  1 

0700 

0 

-1.5 

0.0 

0.25 

0.0 

-1.5 

July  5 

0755 

0 

-2.0 

2.0 

0.25 

0.5 

-1.5 

July  9 

0910 

C 

-11.0 

4.7 

1  .0 

4.7 

-6.3 

July  13 

0810 

C 

-8.5 

2.6 

1  .0 

2.6 

-5.9 

July  17 

0845 

C 

-7.5 

3.7 

1  .0 

3.7 

-3.8 

July  21 

0940 

0 

-4.0 

5.6 

0.25 

1  .4 

-2.6 

July  25 

1015 

H 

-18.5 

6.4 

0.75 

4.8 

-13.7 

July  29 

0650 

C 

-2.5 

+  0.5 

1  .0 

+  0.5 

-3,0 

Aug  2 

0650 

0 

0.0 

+  0 . 5 

0.25 

-0.  1 

+  0.  1 

Aug  6 

1210 

C 

-18.5 

8.5 

1  .0 

8.5 

-10.0 

Aug  10 

0710 

0 

-11.5 

0.5 

0.25 

0.2 

-11.3 

Aug  1 4 

0750 

0 

-6.5 

1.5 

0.25 

0.4 

-6.  1 

Auq  18 

0700 

c 

-4.0 

0.0 

1  .0 

0,0 

-4.0 

Aug  22  1000  PC 

Cornus  canadensis  - 

-16.5 
Plot  6 

6.0 

0.75 

4.5 

-12.0 

May  1 4 

1020 

c 

-5.5 

6.4 

1.0 

6.4 

+  0.9 

May  18 

0710 

c 

-4.5 

0.5 

1  .0 

0.5 

-4.0 

May  22 

1000 

c 

-15.0 

5.0 

1  .0 

6.0 

-9.0 

May  26 

0955 

c 

-1.5 

6.0 

1  .0 

6.0 

+4.5 

May  30 

0835 

c 

-12.0 

3.  1 

1  .0 

3.1 

-8.9 

June  3 

1205 

c 

-13.5 

8.4 

1  .0 

8,4 

-5.  1 

June  7 

0900 

c 

-12.5 

4.2 

1,0 

4.2 

-8.3 

June  1 1 

1205 

CL 

-15.0 

8.4 

0.5 

4.2 

-10.8 

June  15 

0920 

c 

-8.5 

2.6 

1.0 

2.6 

-5.9 

June  19 

0645 

CL 

-7.0 

+  0.5 

0.5 

+  0.3 

-6.7 

June  23 

0935 

PC 

-15.0 

5.  1 

0.75 

3,8 

-11.2 

June  27 

0750 

CL 

-6.0 

1.5 

0.5 

0.8 

-5.2 

July  1 

0745 

0 

-3.5 

1.5 

0.25 

0.4 

-3.  1 

July  5 

0815 

0 

-1.5 

2.6 

0.25 

0.6 

-0.9 

•I 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

July  9 

0940 

C 

-4.5 

5.6 

1  .0 

5.6 

+  1.1 

July  13 

0735 

C 

-7.5 

1  .5 

1  .0 

1  .5 

-6.0 

July  17 

0810 

c 

-4.0 

2.6 

1  .0 

2.6 

-1.4 

July  21 

0925 

CL 

-3.5 

5.  1 

0.5 

2.6 

-0.9 

July  25 

1035 

H 

-20.5 

6.9 

0.75 

5.  1 

-15.4 

July  29 

0710 

C 

-2.5 

0.5 

1  .0 

0.5 

-2.0 

Aug  2 

0705 

0 

-1.5 

0 

0.25 

0 

-1.5 

Aug  6 

1  145 

CL 

-7.0 

8.2 

0.5 

4.  1 

-2.9 

Aug  10 

0650 

H 

-7.0 

-0.5 

0.75 

+  0.4 

-7.4 

Aug  14 

0805 

0 

-7.0 

2.0 

0.25 

0.5 

-6.5 

Aug  1  8 

0710 

c 

-5.0 

0.5 

1  .0 

0.5 

-4.5 

Aug  22  1015  PC 

Cornus  canadensis  - 

-11.0 
Plot  9 

6.4 

0.75 

4.8 

-6.2 

May  1 4 

1330 

c 

-6.0 

8.5 

1  .0 

8.5 

+  2.5 

May  18 

0950 

c 

-5.0 

5.6 

1  .0 

5.6 

+  0.6 

May  22 

1240 

PC 

-16.5 

8.6 

0.75 

6.5 

-10.0 

May  26 

0740 

c 

-2.0 

1  .5 

1  .0 

1.5 

-0.5 

May  30 

1  130 

c 

-23.0 

8.  1 

1.0 

8.  1 

-14.9 

June  3 

0950 

c 

-32.5 

5.6 

1  .0 

5.6 

-26.9 

June  7 

1300 

CL 

-8.0 

8.7 

0.5 

4.4 

-3.6 

June  1  1 

0905 

C 

-5.0 

4.2 

1.0 

4.2 

-0.8 

June  15 

1050 

C 

-10.0 

-7.3 

1  .0 

7.3 

-2.7 

June  19 

1010 

c 

-13.5 

6.4 

1  .0 

6.4 

-7.  1 

June  23 

0720 

s 

-7.0 

0.5 

0.75 

0.4 

-6.6 

June  27 

0935 

CL 

-15.0 

5.  1 

0.5 

2.6 

-12.4 

July  1 

1000 

0 

-3.5 

6.0 

0.25 

1.5 

-2.0 

July  5 

1035 

0 

-4.0 

6.9 

0.25 

1.7 

-2.3 

July  9 

0630 

C 

-5.0 

+  0.5 

1  .0 

+  0.5 

-5.5 

July  13 

0915 

C 

-14.5 

4.7 

1.0 

4.7 

-9.8 

July  17 

1035 

C 

-13.5 

6.9 

1  .0 

6.9 

-6.6 

July  21 

0825 

0 

-2.5 

3.  1 

0.25 

0.8 

-1.7 

July  25 

0750 

H 

-6.5 

1.5 

0.75 

1  .  1 

-5.4 

July  29 

0845 

C 

-14.0 

3.7 

1  .0 

3.7 

-10.3 

Aug  2 

0905 

0 

-4.0 

4.2 

0.25 

1  .  1 

-2.9 

Aug  6 

0900 

PC 

-15.5 

4.2 

0.5 

2.  1 

-13.4 

Aug  1  0 

0850 

0 

-9.5 

3.7 

0.25 

0.9 

-8.6 

Aug  14 

0900 

0 

-7.0 

4.2 

0.25 

1  .  1 

-5.9 

Aug  1 8 

0850 

C 

-9.5 

3.7 

1.0 

3.7 

-5.8 

Aug  22 
Cornus  > 

0800  C 

canadensis  - 

-1.0 
Plot  10 

2.0 

1.0 

2.0 

+  1  .0 

May  1 4 

1400 

C 

-18.0 

8.4 

1  .0 

8.4 

-9.6 

May  18 

1020 

C 

-6.5 

6.4 

1  .0 

6.4 

-0.  1 

May  22 

0815 

c 

-8.0 

2.6 

1.0 

2.6 

-5.6 

May  26 

1 115 

CL 

-10.5 

7.9 

0.5 

3.9 

-6.6 

May  30 

1230 

CL 

-15.0 

8.6 

0.5 

4.3 

-10.7 

June  3 

0810 

C 

-3.5 

2.6 

1.0 

2.6 

-0.9 

June  7 

1120 

C 

-24.0 

7.9 

1.0 

7.9 

-16.1 

June  1 1 

0815 

C 

-5‘.  0 

2.6 

1.0 

2.6 

-2.4 

. 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

June  15 

1310 

C 

-10.5 

8.7 

1  .0 

8.7 

-1.8 

June  19 

1100 

C 

-7.5 

7.7 

1.0 

7.7 

+  0.2 

June  23 

1130 

c 

-7.5 

8.  1 

1  .0 

8.  1 

-0.6 

June  27 

1045 

CL 

-9.0 

7.3 

0.5 

3.6 

-5.4 

July  1 

1050 

0 

-2.0 

7.3 

0.25 

1.8 

-0.2 

July  5 

0640 

0 

-0.0 

+  0.5 

0.25 

+  0 .  1 

-0.1 

July  9 

1120 

C 

-12.5 

7.9 

1  .0 

7.9 

-4.6 

July  13 

1  145 

PC 

-9.5 

8.2 

0.75 

6.2 

-3.3 

July  17 

1  140 

c 

-6.5 

8.2 

1  .0 

8.2 

+  1  .7 

July  21 

0710 

0 

-4.0 

0.5 

0.25 

0.  1 

-3.9 

July  25 

0640 

H 

-2.0 

+  0.5 

0.75 

+  0.4 

-2.4 

July  29 

0940 

c 

-8.0 

5.6 

1  .0 

5.6 

-2.4 

Aug  2 

1015 

0 

-1.0 

6.4 

0,25 

1.6 

+  0.6 

Aug  6 

0750 

CL 

-4.5 

1.5 

0.5 

0.8 

-3.7 

Aug  10 

1025 

0 

-9.0 

6.9 

0.25 

1  .7 

-7.3 

Aug  1 4 

0940 

0 

-6.0 

5.6 

0.25 

1  .4 

-4.6 

Aug  1  8 

0930 

C 

-10.0 

5.1 

1.0 

5.1 

-4.9 

Auq  22 

0740 

0 

-1.0 

1  .5 

0.25 

0.4 

-0.6 

Cornus  canadensis  - 

Plot  11 

June  19 

0755 

CL 

-4.0 

2.0 

0.5 

1  .0 

-3.0 

June  23 

0900 

PC 

-10.0 

4.2 

0.75 

3.2 

-6.8 

June  27 

1100 

CL 

-3.5 

7.7 

0.5 

3.9 

+  0.4 

July  1 

0825 

0 

-2.5 

3.1 

0.25 

0.8 

-1.7 

July  5 

0900 

0 

-1.5 

4.2 

0.25 

1  .  1 

-0.4 

July  9 

1050 

C 

-10.0 

7.3 

1  .0 

7.3 

-2.7 

July  13 

0840 

C 

-6.5 

3.7 

1  .0 

3.7 

-2.8 

July  17 

0925 

C 

-7.5 

5.1 

1  .0 

5.1 

-2.4 

July  21 

0905 

H 

-5.0 

4.2 

0.5 

2.  1 

-2.9 

July  25 

0950 

C 

-11.5 

5.6 

1  .0 

5.6 

-5.9 

July  29 

0740 

C 

-2.5 

1.5 

1.0 

1  .5 

-1.0 

Aug  2 

0740 

0 

-1.5 

1  .5 

0.25 

0.4 

-1.1 

Aug  6 

1125 

CL 

-14.0 

8.1 

0.5 

4.0 

-10.0 

Aug  1  0 

0740 

0 

-9.0 

1  .5 

0.25 

0.4 

-8.6 

Aug  1 4 

0835 

0 

-7.5 

3.  1 

0.25 

0.8 

-6.7 

Aug  1 8 

0740 

C 

-5.5 

1.5 

1  .0 

1.5 

-4.0 

Aug  22 

0935 

PC 

-7.0 

5.1 

0.75 

3.8 

-3.2 

Larix  laricina 

-  Plot  7 

May  26 

1240 

CL 

-12.5 

17.  1 

0.5 

8.6 

-3.9 

May  30 

0655 

C 

-14.0 

0.0 

1.0 

0.0 

-14.0 

June  3 

1350 

C 

-19.0 

14.5 

1.0 

14.5 

-4.5 

June  7 

1010 

C 

-16.0 

15.1 

1.0 

15.  1 

-0.9 

June  1  1 

0650 

C 

-14.0 

+  1.0 

1.0 

+  1  .0 

-15.0 

June  15 

0700 

C 

-15.5 

0.0 

1.0 

0.0 

-15.5 

June  19 

1245 

C 

-22.0 

17.1 

1.0 

17.1 

-4.9 

June  23 

1235 

PC 

-21  .0 

16.3 

0.75 

12.2 

-8.8 

June  27 

1235 

0 

-21  .0 

16.3 

0.25 

4.1 

-16.9 

July  1 

1230 

0 

-13.5 

16.3 

0.25 

4.  1 

-9.4 

July  5 

1200 

PC 

-14.0 

14.5 

0.75 

10.9 

-3.1 

a 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  9 

1315 

C 

-18.0 

17.0 

1  .0 

17.0 

-1,0 

July  13 

1015 

C 

-21  .0 

15.1 

1  .0 

15.  1 

-5.9 

July  17 

0640 

c 

-5.0  ' 

+  1.5 

1  .  0 

+  1.5 

-6.5 

July  21 

0625 

CL 

-6.5 

+  2.5 

0.5 

+  1.3 

-7.8 

July  25 

1240 

PC 

-20.5 

17.  1 

0.75 

12.8 

-7.7 

July  29 

1045 

c 

-21.5 

16.4 

1  .0 

16.4 

-5.1 

Aug  2 

1100 

0 

-4.0 

17.0 

0.25 

4.3 

+  0.3 

Aug  6 

0700 

0 

-7.5 

0.0 

0.25 

0.0 

-7.5 

Aug  1  0 

0930 

0 

-13.0 

13.3 

0.25 

3.3 

-9.7 

Aug  1 4 

1040 

0 

-13.0 

16.4 

0.25 

4.  1 

-8.9 

Auq  1 8 

1045 

c 

16.0 

16.4 

1  .0 

16.4 

+  0.4 

Aug  22  1100  C 

Ledum  gnoen 1  and i cum 

14.0 

-  Plot  7 

17.0 

1  .0 

17.0 

+  3.0 

May  1 0 

1115 

c 

-8.0 

9.6 

1.0 

9.6 

+  1.6 

May  1  4 

0830 

c 

-6.0 

3.5 

1  .0 

3.5 

-2.5 

May  18 

1125 

c 

-3.5 

9.9 

1  .0 

9.9 

+6.4 

May  22 

1320 

PC 

o 

CO 

1 

9.4 

0.75 

7.1 

-5.9 

May  26 

1240 

CL 

-9.0 

10.0 

0.5 

5.0 

-4.0 

May  30 

0655 

c 

-2.5 

0.0 

1.0 

0.0 

-2.5 

June  3 

1350 

c 

-19.0 

9.2 

1  .0 

9.2 

-9.8 

June  7 

1010 

c 

-18.0 

8.6 

1  .0 

8.6 

-9.4 

June  1 1 

0650 

c 

-5.0 

+  0.3 

1  .0 

+  0.3 

-5.3 

June  15 

0700 

c 

-6.0 

0.0 

1.0 

0.0 

-6.0 

June  19 

1245 

c 

-23.0 

10.0 

1  .0 

10.0 

o 

CO 

1 

June  23 

1235 

PC 

-16.0 

10.2 

0.75 

7.6 

-8.4 

June  27 

1235 

0 

-7.0 

10.2 

0.25 

2.5 

-4.5 

July  1 

1230 

0 

-7.0 

10.2 

0.25 

2.5 

-4.5 

July  5 

1200 

PC 

-9.0 

10.5 

0.75 

7.9 

-1.1 

July  9 

1315 

c 

-9.5 

-9.6 

1  .0 

9.6 

+  0.  1 

July  13 

1015 

c 

-10.5 

8.6 

1.0 

8.6 

-1.9 

July  17 

0640 

c 

-3.5 

+  0.8 

1  .0 

+  0.8 

-4.3 

July  21 

0625 

CL 

2.0 

+  1.2 

0.5 

+  0.6 

-2.6 

July  25 

1240 

PC 

-8.0 

10.0 

0.75 

7.5 

-0.5 

July  29 

1045 

c 

-9.0 

9.  1 

1.0 

9.  1 

+  0 .  1 

Aug  2 

1100 

0 

-1.5 

9.3 

0.25 

2.3 

+  0.8 

Aug  6 

0700 

0 

-2.5 

0.0 

0.25 

0.0 

-2.5 

Aug  1  0 

0930 

0 

-3.5 

6.4 

0.25 

1  .6 

-1.9 

Aug  1 4 

1040 

0 

-4.5 

9.  1 

0.25 

2.3 

-2.2 

Auq  1 8 

1045 

c 

-6.5 

9.1 

1  .0 

9.  1 

+  2.6 

Aug  22  1100  C 

Ledum  gnoen 1  and i cum 

-2.0 

-  Plot  8 

9.3 

1.0 

9.3 

+  7.3 

May  1 0 

0850 

c 

-2.5 

4.0 

1  .0 

4.0 

+  1.5 

May  1  4 

1225 

c 

-8.0 

10.2 

1.0 

10.2 

+  2.2 

May  18 

0905 

c 

-6.5 

4.5 

1.0 

4.5 

-2.0 

May  22 

1125 

c 

-16.5 

9.9 

1.0 

9.9 

-6.6 

May  26 

0835 

c 

-3.0 

3.5 

1  .0 

3.5 

+  0.5 

May  30 

1015 

c 

-8.0 

8.6 

1  .0 

8.6 

+  0.6 

June  3 

1320 

c 

-10.5 

9.6 

1  .0 

9.6 

-0.9 

' 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

June  7 

0655 

C 

-5.0 

0.0 

1  .0 

0.0 

-5.0 

June  1 1 

1005 

C 

-19.5 

8.3 

1  .0 

8.3 

-11.2 

June  15 

1015 

c 

-13.5 

8.6 

1  .0 

8.6 

-4.9 

June  19 

0855 

s 

-13.0 

4.5 

0.75 

3.4 

-9.6 

June  23 

0800 

s 

-7.0 

2.5 

0.75 

1  .9 

-5.1 

June  27 

0905 

CL 

7.5 

4.5 

0.5 

2.3 

-5.2 

July  1 

1200 

0 

-5.5 

9.8 

0.25 

2.5 

-3.0 

July  5 

0955 

0 

-2.0 

8.3 

0.25 

2.  1 

+  0.  1 

July  9 

0745 

c 

-3.0 

1  .9 

1  .0 

1  .9 

-1.1 

July  13 

0645 

c 

-3.0 

+  0.6, 

1  .0 

+  0.6 

-3.6 

July  17 

1000 

c 

-8.5 

8.3 

1  .0 

8.3 

-0.2 

July  21 

1100 

0 

-5.5 

9.3 

0.25 

2.3 

-3.2 

July  25 

1145 

H 

-10.5 

10,2 

0.75 

7.7 

-2.8 

July  29 

0825 

C 

-3.0 

3.5 

1  .0 

3,5 

+  0.5 

Aug  2 

0845 

0 

-1.5 

4.0 

0.25 

1  .0 

-0.5 

Aug  6 

1000 

0 

-6.0 

8.3 

0.25 

2.1 

-3.9 

Aug  1  0 

0830 

0 

-5.5 

3.5 

0.25 

0.9 

-4.6 

Aug  1 4 

0700 

0 

-5.5 

0.0 

0.25 

0.0 

-5.5 

Aug  1 8 

0830 

C 

-2.5 

3.5 

1  .0 

3.5 

+  1  .0 

Aug  22 

0840 

CL 

-2.5 

4.0 

0.5 

2.0 

-0.5 

Linnaea  borealis  -  Plot  4 

May  1 4 

1140 

C 

-15.0 

7.9 

1  .0 

7.9 

-7.1 

May  18 

0825 

C 

-10.5 

3.0 

1  .0 

3.0 

-7.5 

May  22 

1055 

C 

-13.5 

7.4 

1  .0 

7.4 

-6.  1 

May  26 

1045 

CL 

-10.5 

7.0 

0.5 

3.5 

-7.0 

May  30 

0940 

C 

-9.5 

5.0 

1  .0 

5.0 

-4.5 

June  3 

1040 

C 

-13.0 

7.0 

1  .0 

7.0 

-6.0 

June  7 

0830 

C 

-8.0 

1 .4 

1  .0 

1 .4 

-6.6 

June  1 1 

1030 

c 

-12.0 

6.5 

1  .0 

6.5 

-5.5 

June  15 

0945 

c 

-12.5 

5.0 

1  .0 

5.0 

-7.5 

June  19 

0830 

s 

-13.0 

3.0 

0.75 

2.2 

-10.8 

June  23 

0825 

PC 

-19.0 

3.0 

0.75 

2.2 

-16.8 

June  27 

0830 

CL 

-13.0 

3.0 

0.5 

1.5 

-11.5 

July  1 

0855 

0 

-6.5 

3.  1 

0.25 

0.8 

-5.7 

July  5 

0920 

0 

-1.5 

3.7 

0.25 

0.9 

-0.6 

July  9 

0815 

C 

-5.5 

2.9 

1.0 

2.9 

-2.6 

July  13 

0715 

C 

-7.5 

0.7 

1  .0 

0.7 

-6.8 

July  17 

0720 

F 

-8.5 

0.7 

0.75 

0.5 

-8.0 

July  21 

1030 

0 

-7.0 

6.5 

0.25 

1  .6 

-5.4 

July  25 

0900 

H 

-3.5 

3.1 

0.75 

2.3 

-1.2 

July  29 

0800 

C 

-4.0 

2.8 

1.0 

2.8 

-1,2 

Aug  2 

0820 

0 

-3.5 

2.9 

0.25 

0.7 

-2.8 

Aug  6 

1030 

0 

-9.0 

6 . 5 

0.25 

1.6 

-7.4 

Aug  1  0 

0805 

0 

-6.5 

2.8 

0.25 

0.7 

-5.8 

Aug  1 4 

0720 

0 

-5.5 

0.7 

0.25 

0.2 

-5.3 

Aug  1 8 

0805 

C 

-8.0 

2.8 

1.0 

2.8 

-5.2 

Aug  22 

0905 

CL 

-4.0 

3.  1 

0.5 

1.6 

-2.4 

. — 
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APPENDIX  II.  Continued. 


Date 

T  i  me 

A 

B 

C 

D 

E 

F 

L innaea 

boreal  is 

-  Plot  5 

May  1 4 

0945 

C 

-10.5 

5.0 

1  .0 

5.0 

-5.5 

May  18 

0735 

C 

-6.5 

1  .4 

1  .0 

1  .4 

-5.1 

May  22 

0930 

C 

-15.0 

4.4 

1  .0 

4.4 

-10.6 

May  26 

0915 

C 

-7.5 

3.7 

1  .0 

3.7 

-3.8 

May  30 

0800 

C 

-6.5 

2.8 

1  .0 

2.8 

-3.7 

June  3 

1130 

C 

-15.5 

7.7 

1  .0 

7.7 

-7.8 

June  7 

0830 

c 

-8.5 

3.0 

1  .0 

3.0 

-5.5 

June  1 1 

1130 

c 

-15.5 

7.7 

1  .0 

7.7 

-7.8 

June  15 

0755 

c 

-10.0 

2.8 

1  .0 

2.8 

-7.2 

June  19 

0710 

CL 

-9.0 

0.7 

0.5 

0.4 

-8.6 

June  23 

0955 

PC 

-12.5 

5.6 

0.75 

4.2 

-8.3 

June  27 

0715 

CL 

-9.0 

0.7 

0.5 

0.4 

-8.6 

July  1 

0700 

0 

-3.5 

0.0 

0.25 

0.0 

-3.5 

July  5 

0755 

0 

0.0 

2.8 

0.25 

0.7 

+  0.7 

July  9 

0910 

C 

-5.0 

3.7 

1  .0 

3.7 

-1.3 

July  13 

0810 

C 

-5.0 

2.9 

1  .0 

2.9 

-2.1 

July  17 

0845 

C 

-8.0 

3.0 

1  .0 

3.0 

-5.0 

July  21 

0940 

0 

-5.0 

5.0 

0.25 

1  .2 

-3.8 

July  25 

1015 

H 

-11.0 

6.  1 

0.75 

4.5 

-6.5 

July  29 

0650 

C 

-3.0 

+  0.3 

1  .0 

+  0.3 

-3.3 

Aug  2 

0650 

0 

-4.5 

+  0.3 

0.25 

+  0.  1 

-4.6 

Aug  6 

1210 

C 

-8.0 

7.9 

1  .0 

7.9 

-0.1 

Aug  10 

0710 

0 

-3.5 

0.7 

0.25 

0.2 

-3.3 

Aug  1 4 

0750 

0 

-6.0 

2.  1 

0.25 

0.5 

-5.5 

Aug  1 8 

0700 

C 

-3.5 

0.0 

1  .0 

0.0 

-3.5 

Aug  22 

1000 

PC 

-10.0 

5.6 

0.75 

4.2 

-5.8 

L innaea 

boreal  is 

-  1 

Plot  6 

May  1 4 

1020 

c 

-10.0 

6.  1 

1  .0 

6.  1 

-4.0 

May  18 

0710 

c 

-4.0 

0.7 

1  .0 

0.7 

-3.3 

May  22 

1000 

c 

-13.0 

5.6 

1  .0 

5.6 

-7.4 

May  26 

0955 

c 

-1.5 

5.6 

1  .0 

5.6 

+  4.  1 

May  30 

0855 

c 

-12.5 

3.0 

1  .0 

3.0 

-9.5 

June  3 

1205 

c 

-15.0 

8.0 

1  .0 

8.0 

-7.0 

June  7 

0900 

c 

-13.5 

3.  1 

1  .0 

3.  1 

-10.4 

June  1 1 

1205 

CL 

-13.0 

8.0 

0.5 

4.0 

-9.0 

June  15 

0820 

C 

-14.0 

2.9 

1  .0 

2.9 

-11.1 

June  19 

0645 

CL 

-16.5 

+  0.7 

0.5 

+  0.4 

-16.9 

June  23 

0935 

PC 

-14.5 

4.4 

0.75 

3.3 

-11.2 

June  27 

0750 

CL 

-12.0 

2.  1 

0.5 

1  .  1 

-10.9 

July  1 

0745 

0 

-5.0 

2.1 

0.25 

0.5 

-4.5 

July  5 

0815 

0 

-1.5 

2.9 

0.25 

0.7 

-0.8 

July  9 

0940 

C 

-7.5 

5.0 

1  .0 

5.0 

-2.5 

July  13 

0745 

C 

-8.5 

2.  1 

1  .0 

2.  1 

-6.4 

July  17 

0810 

C 

-6.5 

2.9 

1  .0 

2.9 

-3.6 

July  21 

0925 

0 

-6.5 

4.4 

0.25 

1  .  1 

-5.4 

July  25 

1035 

H 

-10.5 

6.5 

0.75 

4.9 

-5.6 

July  29 

0710 

C 

-4.0 

0.7 

1  .0 

0.7 

-3.3 

' 

\  ; 


APPENDIX  II.  Continued. 


Date 

T  i  me 

A 

B 

C 

D 

E 

F 

Aug  2 

0705 

0 

-9.5 

0.0 

0.25 

0.0 

-9.5 

Aug  6 

1  145 

CL 

-10.5 

-7.9 

0.5 

4.0 

-6.5 

Aug  1  0 

0650 

H 

-8.0 

+  0.3 

0.75 

+  0.2 

-8.2 

Aug  1 4 

0805 

0 

-5.5 

-2.8 

0.25 

0.7 

-4.8 

Aug  1 8 

0710 

C 

-5.0 

0.7 

1  .0 

0.7 

-4.3 

Aug  22 

L innaea 

1015 

boreal  is 

PC  -4.0 

-  Plot  9 

6.  1 

0.75 

4.5 

+  0.5 

May  1 4 

1330 

C 

-6.0 

7.  1 

1  .0 

7.  1 

+  1.1 

May  18 

0950 

C 

-5.5 

5.0 

1  .0 

5.0 

-0.5 

May  22 

1240 

PC 

-16.5 

7.6 

0.75 

5.7 

-10.8 

May  26 

0740 

C 

-4.0 

2.  1 

1  .0 

2.  1 

-1.9 

May  30 

1120 

C 

-17.5 

7.7 

1  .0 

7.7 

-9.8 

June  3 

0950 

C 

-11.5 

5.0 

1  .0 

5.0 

-6.5 

June  7 

1300 

CL 

-14.0 

7.4 

0.5 

3.7 

-10.3 

June  1 1 

0905 

C 

-11.0 

3.  1 

1.0 

3.  1 

-7.9 

June  15 

1050 

C 

-13.0 

7.0 

1  .0 

7.0 

-6.0 

June  19 

1010 

C 

-16.0 

6.  1 

1  .0 

6.  1 

-10.9 

June  23 

0720 

S 

-16.0 

0.7 

0.75 

0.5 

-15.5 

June  27 

0935 

CL 

-21  .0 

4.4 

0.5 

2.2 

-18.8 

July  1 

1000 

0 

-7.5 

5.6 

0.25 

1  .4 

-6.  1 

July  5 

1035 

0 

-2.0 

6.5 

0.25 

1.6 

-0.4 

July  9 

0630 

C 

-5.5 

+  1  .4 

1  .0 

+  1  .4 

-6.9 

July  13 

0915 

C 

-13.5 

3.7 

1  .0 

3.7 

-9.8 

July  17 

1035 

C 

-15.0 

6.5 

1  .0 

6.5 

-8.5 

July  21 

0825 

0 

-4.5 

3.0 

0.25 

0.7 

-3.8 

July  25 

0750 

H 

-5.5 

2.  1 

0.75 

1  .6 

-3.9 

July  29 

0845 

C 

-8.5 

3.0 

1  .0 

3.0 

-5.5 

Aug  2 

0905 

0 

-2.0 

3.  1 

0.25 

0.8 

-1.2 

Aug  6 

0900 

CL 

-10.0 

3.  1 

0.5 

1  .6 

-8.4 

Aug  1  0 

0850 

0 

-5.5 

3.0 

0.25 

0.8 

-4.7 

Aug  14 

0900 

0 

-5.0 

3.  1 

0.25 

0.8 

-4.2 

Aug  1 8 

0850 

C 

-6.0 

3.0 

1  .0 

3.0 

-3.0 

Aug  22 

L i nnaea 

0800 

boreal  is 

c 

-1.0 
Plot  10 

2.8 

1  .0 

2.8 

+  1.8 

May  1 4 

1400 

c 

-19.0 

6.8 

1  .0 

6.8 

-12.2 

May  18 

1020 

c 

-8.5 

6.  1 

1  .0 

6.  1 

-2.5 

May  22 

0815 

c 

-12.5 

2.9 

1  .0 

2.9 

-9.6 

May  26 

1115 

CL 

-13.0 

7.6 

0.5 

3.8 

-9.7 

May  30 

1230 

CL 

-9.0 

7.7 

0.5 

3.9 

-5.  1 

June  3 

0810 

C 

o 

o 

1 

2.9 

1  .0 

2.9 

-7.  1 

June  7 

1120 

C 

-6.0 

7.6 

1.0 

7.6 

+  1.6 

June  1 1 

0815 

C 

-12.0 

2.9 

1  .0 

2.9 

-9.  1 

June  15 

1310 

C 

-14.5 

7.3 

1  .0 

7.3 

-7.2 

June  19 

1100 

C 

-14.0 

7.4 

1.0 

7.4 

-6.6 

June  23 

1130 

C 

-13.0 

7.7 

1  .0 

7.7 

-5.3 

June  27 

1045 

CL 

-11.0 

7.0 

0.5 

3.5 

-7.5 

July  1 

1050 

0 

-6.0 

7.0 

0.25 

1  .7 

-4.3 

July  5 

0640 

0 

-1.5 

+  0-.  8 

0.25 

CM 

O 

+ 

-1.7 

. 

/ 

• 
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APPENDIX  II.  Continued. 


Date 

T  i  me 

A 

B 

C 

D 

E 

F 

July  9 

1120 

C 

-5.5 

7.6 

1  .0 

7.6 

+  2.  1 

July  13 

1145 

PC 

-8.5 

7.9 

0.75 

5.9 

-2.6 

July  17 

1  140 

C 

-9.0 

7.9 

1  .0 

7.9 

-1.1 

July  21 

0710 

0 

-5.0 

0.7 

0.25 

0.2 

-4.8 

July  25 

0640 

H 

-4.0 

+  0.8 

0.75 

+  0.6 

-4.6 

July  29 

0940 

C 

-5.0 

5.0 

1  .0 

5.0 

-0.0 

Aug  2 

1015 

0 

-2.0 

6.  1 

0.25 

1.5 

-0.5 

Aug  6 

0750 

CL 

-6.5 

2.  1 

0.5 

1  .  1 

-5.4 

Aug  1  0 

1025 

0 

-6.0 

6.5 

0.25 

1  .6 

-4.4 

Aug  14 

0940 

0 

-5.0 

5.0 

0.25 

1  .2 

-3.8 

Aug  1 8 

0930 

C 

-7.5 

4.4 

1  .0 

4.4  . 

-3.  1 

Aug  22  0740 

Linnaea  borealis 

0  -3.0 

-  Plot  11 

2.  1 

0.25 

0.5 

-2.5 

June  1 1 

1300 

CL 

-9.5 

7.4 

0.5 

3.7 

-5.8 

June  15 

0905 

C 

-12.5 

3.  1 

1  .0 

3.  1 

-9.4 

June  19 

0755 

CL 

-16.5 

2.8 

0.5 

1  .4 

-15.1 

June  23 

0900 

PC 

-13.0 

3.1 

0.75 

2.3 

-10.7 

June  27 

1100 

CL 

-9.0 

7.4 

0.5 

3.7 

-5.3 

July  1 

0825 

0 

-5.0 

3.0 

0.25 

0.7 

-4.3 

July  5 

0900 

0 

-2.5 

3.1 

0.25 

0.8 

-1.7 

July  9 

1050 

C 

-10.0 

7.0 

1  .0 

7.0 

-3.0 

July  13 

0840 

C 

-5.0 

3.0 

1  .0 

3.0 

-2.0 

July  17 

0925 

C 

-8.5 

4.4 

1  .0 

4.4 

-4.  1 

July  21 

0905 

CL 

-5.0 

3.  1 

0.5 

1.6 

-3.4 

July  25 

0950 

C 

-9.0 

5.0 

1  .0 

5.0 

-4.0 

July  29 

0740 

C 

-3.5 

2.  1 

1  .0 

2.  1 

-1.4 

Aug  2 

0740 

0 

-2.5 

2.  1 

0.25 

0.5 

-2.0 

Aug  6 

1125 

CL 

-7.5 

7.7 

0.5 

3.9 

-3.6 

Aug  10 

0740 

0 

-8.5 

2.  1 

0.25 

0.5 

-8.0 

Aug  1 4 

0845 

0 

-6.5 

2.3 

0.25 

0.7 

-5.8 

Aug  18 

0740 

C 

-4.5 

2.  1 

1  .0 

2.  1 

-2.4 

Aug  22 

Lon  icera 

0935  PC 

/ nvol ucrata 

-10.5 
-  Plot 

4.4 

5 

0.75 

3.4 

-7.  1 

May  22 

0930 

C 

-8.0 

11.3 

1  .0 

11.3 

+  3.3 

May  26 

0915 

C 

-8.0 

9.4 

1  .0 

9.4 

+  1.4 

May  30 

0800 

C 

-9.0 

2.0 

1  .0 

2.0 

-7.0 

June  3 

1130 

C 

-13.0 

16.7 

1  .0 

16.7 

+  3.7 

June  7 

0830 

C 

-10.5 

4.8 

1  .0 

4.8 

-5.7 

June  1 1 

1130 

C 

-16.5 

16.7 

1  .0 

16.7 

+  0.2 

June  15 

0755 

C 

-12.5 

2.0 

1  .0 

2.0 

-10.5 

June  19 

0710 

CL 

-7.0 

0.5 

0.5 

0.3 

-6.7 

June  23 

0955 

PC 

-10.0 

15.0 

0.75 

11.2 

+  1.3 

June  27 

0715 

CL 

-8.0 

0.5 

0.5 

0.25 

-7.7 

July  1 

0700 

0 

-3.5 

0.0 

0.25 

0.0 

-3.5 

July  5 

0755 

0 

-1.5 

2.0 

0.25 

0.5 

-1.0 

July  9 

0910 

C 

-6.5 

9.4 

1  .0 

9.4 

+2.9 

July  13 

0810 

C 

i 

o 

cn 

3.4 

1  .0 

3.4 

-7.1 

July  17 

0845 

C 

-7.0 

6.1 

1  .0 

6.  1 

-0.9 

y  . 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

July  21 

0940 

0 

-7.5 

13.1 

0.25 

3.3 

-4.2 

July  25 

1015 

H 

-9.0 

15.4 

0.75 

11.5 

+  2.5 

July  29 

0650 

C 

-3.0 

+  0.2 

1  .0 

+  0.2 

-3.2 

Aug  2 

0650 

0 

-1.0 

+  0.2 

0.25 

+  0 .  1 

-1.1 

Aug  6 

1210 

c 

-12.5 

17.  1 

1  .0 

17.  1 

+4.6 

Aug  1  0 

0710 

0 

-5.5 

0.5 

0.25 

0.  1 

-5.4 

Aug  14 

0750 

0 

-7.0 

1.5 

0.25 

0.4 

-6.6 

Aug  1  8 

0700 

c 

-4.0 

0.0 

1  .0 

0.0 

-4.0 

Aug  22 
Lon icera 

1000  PC 

i nvol ucnata  - 

-7.5 
Plot  6 

15.0 

0.75 

11.3 

+  3.8 

May  22 

1000 

c 

-11.0 

15.0 

1  .0 

15.0 

+  4.0 

May  26 

0955 

c 

-4.5 

15.0 

1  .0 

15.0 

+  10.5 

May  30 

0935 

c 

-10.5 

4.8 

1  .0 

4.8 

-5.7 

June  3 

1205 

c 

-12.0 

17.0 

1  .0 

17.0 

+5.0 

June  7 

0900 

c 

-12.5 

7.5 

1  .0 

7.5 

-5.0 

June  1  1 

1205 

CL 

-16.0 

17.0 

0.5 

8.5 

-7.5 

June  15 

0820 

c 

-15.5 

3.4 

1  .0 

3.4 

-12.1 

June  19 

0645 

CL 

-8.0 

+  0.5 

0.5 

+  0.2 

-8.3 

June  23 

0935 

PC 

-17.0 

11.3 

0.75 

8.4 

-8.6 

June  27 

0750 

CL 

-9.0 

1  .5 

0.5 

0.8 

-8.2 

July  1 

0745 

0 

-3.5 

1  .5 

0.25 

0.4 

-3.  1 

July  5 

0815 

0 

-2.0 

3.4 

0.25 

0.8 

-1.2 

July  9 

0940 

C 

-14.0 

13.1 

1.0 

13.1 

-0.9 

July  13 

0745 

c 

-7.5 

1.5 

1  .0 

1  .5 

-6.0 

July  17 

0810 

c 

-10.0 

3.4 

1.0 

3.4 

-6.6 

July  21 

0925 

0 

-11.5 

11.3 

0.25 

2.8 

-8.7 

July  25 

1035 

H 

-16.5 

15.7 

0.75 

11.8 

-4.7 

July  29 

0710 

C 

-2.5 

0.5 

1  .0 

0.5 

-2.0 

Aug  2 

0705 

0 

-2.0 

0.0 

0.25 

0.0 

-2.0 

Aug  6 

1145 

CL 

-10.5 

16.9 

0.5 

8.4 

-2.  1 

Aug  1  0 

0650 

H 

-3.5 

+  0.2 

0.75 

+  0.2 

-3.7 

Aug  1 4 

0805 

0 

-6.0 

2.0 

0.25 

0.5 

-5.5 

Aug  1  8 

0710 

C 

-4.5 

0.5 

1  .0 

0.5 

-4.0 

Aug  22 
Nit  el  la 

1015 
nuda  - 

PC 

Plot  5 

-13.0 

15.4 

0.75 

11.5 

-1.5 

May  18 

0735 

C 

-6.5 

0.5 

1  .0 

0.5 

-6.0 

May  22 

0930 

C 

-22.0 

5.0 

1  .0 

5.0 

-17.0 

May  26 

0915 

C 

-5.5 

4,0 

1.0 

4.0 

-1.5 

May  30 

0800 

C 

-7.5 

1  .0 

1  .0 

1  .0 

-6.5 

June  3 

1130 

C 

-10.0 

16.5 

1  .0 

16.5 

+6 . 5 

June  7 

0830 

C 

-17.0 

2.0 

1.0 

2.0 

-15.0 

June  1  1 

1130 

C 

-16.0 

16.5 

1.0 

16.5 

+  0.5 

June  15 

0755 

C 

-12.0 

1.0 

1  .0 

1  .0 

-11.0 

June  19 

0710 

CL 

-9.5 

0.3 

0.5 

0.  1 

-9.4 

June  23 

0955 

PC 

-12.5 

7.0 

0.75 

5.3 

-7.2 

June  27 

0715 

CL 

-5.0 

0.3 

0.5 

0.1 

-4.9 

July  1 

0700 

0 

-4.5 

0.0 

0.25 

0.0 

-4.5 

July  5 

0755 

0 

-1.5 

1  .0 

0.25 

0.3 

-1.3 

' 

, 


APPENDIX  II.  Continued. 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  9 

0910 

C 

-5.5 

4.0 

1  .0 

4.0 

-1.5 

July  13 

0810 

C 

-5.0 

1  .5 

1.0 

1.5 

-3.5 

July  17 

0845 

c 

-5.0 

2.5 

1  .0 

2.5 

-2.5 

July  21 

0940 

0 

-5.5 

6.0 

0.25 

1.5 

-4.0 

July  25 

1015 

H 

-11.5 

9.  1 

0.75 

6.8 

-4.7 

July  29 

0650 

C 

-1.5 

+  0.2 

1  .0 

+  0.2 

-1.7 

Aug  2 

0650 

0 

-1.5 

+  0.2 

0.25 

+  0.  1 

-1.4 

Aug  6 

1210 

C 

-17.5 

17.1 

1  .0 

17.  1 

-0.4 

Aug  1  0 

0710 

0 

-4.5 

0.3 

0.25 

0.  1 

-4.4 

Aug  14 

0750 

0 

-9.5 

0.8 

0.25 

0.2 

-9.3 

Aug  1 8 

0700 

c 

-2.0 

0.0 

1  .0 

0.0 

-2.0 

Aug  22 

1000 

PC 

-4.5 

7.0 

0.75 

5.3 

+  0.8 

Mitel  la  nuda  -  Plot  6 

May  18 

0710 

c 

-7.5 

0.3 

1.0 

0.3 

-7.2 

May  22 

1000 

c 

-7.0 

7.0 

1  .0 

7.0 

0.0 

May  26 

0955 

c 

-3.5 

7.0 

1  .0 

7.0 

+  3.5 

May  30 

0835 

c 

-16.5 

2.0 

1.0 

2.0 

-14.5 

June  3 

1205 

c 

-16.0 

17.5 

1.0 

17.5 

+  1.5 

June  7 

0900 

c 

-15.5 

3.0 

1  .0 

3.0 

-12.5 

June  1 1 

1205 

CL 

-17.5 

17.5 

0.5 

8.8 

-8.7 

June  15 

0820 

c 

-13.5 

1.5 

1.0 

1  .5 

-12.0 

June  19 

0645 

CL 

-11.0 

+  0.3 

0.5 

+  0.  1 

-11.1 

June  23 

0935 

PC 

-14.5 

5.0 

0.75 

3.8 

-10.7 

June  27 

0750 

CL 

-8.5 

0.75 

0.5 

0.4 

-8.  1 

July  1 

0745 

0 

-2.5 

0.8 

0.25 

0.2 

-2.3 

July  5 

0815 

0 

-1.5 

0.25 

0.25 

0.4 

-2.  1 

July  9 

0940 

C 

-8.0 

6.0 

1  .0 

6.0 

-2.0 

July  13 

0745 

C 

-4.5 

0.8 

1  .0 

0.8 

-3.7 

July  17 

0810 

C 

-9.0 

1  .5 

1  .0 

1.5 

-7.5 

July  21 

0925 

0 

-5.5 

5.0 

0.25 

1.3 

-4.2 

July  25 

1035 

H 

-18.0 

11.3 

0.75 

8.4 

-9.6 

July  29 

0710 

c 

-5.0 

0.3 

1  .0 

0.3 

-4.7 

Aug  2 

0705 

0 

-2.0 

0.0 

0.25 

0.0 

-2.0 

Aug  6 

1145 

CL 

-6.5 

17.0 

0.5 

8.5 

+2.0 

Aug  1  0 

0650 

H 

-3.0 

+  0.2 

0.75 

+  0.2 

-3.2 

Aug  14 

0805 

0 

-4.0 

1  .0 

0.25 

0.3 

-3.7 

Aug  1  8 

0710 

C 

-5.0 

0.3 

1  .0 

0.3 

-4.7 

Aug  22 

1015 

PC 

-6.5 

9.1 

0.75 

6.8 

+  0.3 

Pinus  banks i ana 

-  Plot  1 

May  1 0 

1045 

C 

-2.5 

3.6 

1  .0 

3.6 

+  1.1 

May  18 

1105 

C 

-6.0 

4.0 

1.0 

4.0 

-2.0 

May  22 

0745 

C 

-5.0 

0.3 

1  .0 

0.3 

-4.7 

May  26 

1210 

CL 

-3.0 

5.8 

0.5 

2.9 

-0.  1 

May  30 

1330 

CL 

-3.0 

6.0 

0.5 

3.0 

0.0 

June  3 

0735 

C 

-4.0 

0.2 

1.0 

0.2 

-3.8 

June  7 

1100 

C 

-9.5 

4.0 

1  .0 

4.0 

-5.5 

June  1 1 

0720 

C 

-5.0 

0.1 

1.0 

0.  1 

-4.9 

June  15 

1200 

C 

-12.0 

5.6 

1.0 

5.6 

-6.4 

. 


APPENDIX  II.  Continued. 


Date 

T  i  me 

A 

B 

C 

D 

E 

F 

June  19 

0920 

S 

-15.0 

1  .5 

0.75 

1  .  1 

-13.9 

June  23 

1205 

PC 

-15.0 

5.6 

0.75 

4.2 

-10.8 

June  27 

1200 

c 

-16.0 

5.6 

0.25 

1  .4 

-14.6 

July  1 

1200 

PC 

-10.0 

5.6 

0.75 

4.2 

-5.8 

July  5 

1  125 

CL 

-8.0 

4.8 

0.5 

2.4 

-5.6 

July  9 

1230 

C 

-12.0 

6.0 

1.0 

6.0 

-6.0 

July  13 

1045 

C 

-14.0 

3.6 

1  .0 

3.6 

-10.4 

July  17 

1245 

PC 

-14.5 

6.2 

0.75 

4.7 

-9.8 

July  21 

0645 

0 

-6.5 

+  0.  1 

0.25 

0.0 

-6.5 

July  25 

1205 

H 

-12.0 

5.6 

0.75 

4.2 

-7.8 

July  29 

1020 

C 

-13.0 

2.8 

1.0 

2.8 

-10.2 

Aug  2 

0955 

0 

-4.0 

2.4 

0.25 

0.6 

-3.4 

Aug  6 

0720 

CL 

-2.0 

0.  1 

0.5 

0.  1 

-1  .9 

Aug  1 0 

1005 

0 

-9.0 

2.4 

0.25 

0.6 

-8.4 

Aug  14 

1020 

0 

-8.5 

2.8 

0.25 

0.7 

-7.8 

Auq  1 8 

1030 

C 

-11.0 

3.2 

1  .0 

3.2 

-7.8 

Aug  22  0700 

Pinus  banks i ana 

CL 

-  Plot 

-7.0 

2 

0.0 

0.5 

0.0 

-7.0 

May  1 0 

1025 

C 

-1.5 

3.2 

1  .0 

3.2 

+  1  .7 

May  1  4 

1430 

C 

-7.0 

5.2 

1.0 

5.2 

-1.8 

May  18 

1045 

C 

-7.0 

3.6 

1  .0 

3.6 

-3.4 

May  22 

0845 

C 

-2.5 

1  .0 

1  .0 

1.0 

-1  .5 

May  26 

1150 

CL 

-2.0 

5.2 

0.5 

2.6 

+  0,6 

May  30 

1255 

CL 

-2.0 

6.4 

0.5 

3.2 

+  1  .2 

June  3 

0825 

C 

-12.5 

0.8 

1.0 

0.8 

-11.7 

June  7 

1155 

C 

-13.5 

5.6 

1.0 

5.6 

-7.9 

June  1 1 

0750 

C 

-3.0 

0.3 

1.0 

0.3 

-2.7 

June  15 

1235 

C 

-17.5 

6.0 

1  .0 

6.0 

-11.5 

June  19 

1150 

PC 

-16.0 

5.2 

0.75 

3.9 

-12.1 

June  23 

1110 

C 

-12.5 

4.4 

1  .0 

4.4 

-8.  1 

June  27 

1130 

CL 

-17.0 

4.8 

0.5 

2.4 

-14.6 

July  1 

1  120 

0 

-7.0 

4.4 

0.25 

1  .  1 

-5.9 

July  5 

0710 

0 

-4.5 

0.1 

0.25 

0.0 

-4.5 

July  9 

1210 

C 

-14.0 

5.8 

1  .0 

5.8 

-8.2 

July  13 

1110 

C 

-12.5 

4.4 

1.0 

4.4 

-8.  1 

July  17 

1220 

PC 

-15.5 

5.8 

0.75 

4.4 

-11.1 

July  21 

0750 

0 

-7.5 

0.3 

0.25 

0.1 

-7.4 

July  25 

0720 

H 

-6.0 

0.1 

0.75 

0.1 

-5.9 

July  29 

1000 

C 

-13.5 

2.4 

1.0 

2.4 

-11.1 

Aug  2 

1040 

0 

-5.0 

3.6 

0.25 

0.9 

-4.  1 

Aug  6 

0830 

0 

-8.5 

0.8 

0.25 

0.2 

-8.3 

Aug  1  0 

1050 

0 

-8.0 

3.6 

0.25 

0.9 

-7.1 

Aug  14 

1000 

0 

-7.0 

2.4 

0.25 

0.6 

-6.4 

Auq  1  8 

1000 

c 

-12.5 

2.4 

1.0 

2.4 

-10.1 

Aug  22  0720 

Pinus  banks i ana 

0  -6.0 
-  Plot  3 

0.1 

0.25 

0.0 

o 

CD 

1 

May  1 0 

0915 

C 

-5.0 

3.5 

1.0 

3.5 

-1  .5 

May  30 

1035 

C 

-4.5 

5.8 

1.0 

5.8 

+  1  .3 

' 

■ 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

June  3 

0915 

C 

-13.0 

4.0 

1  .0 

4.0 

-9.0 

June  7 

1225 

C 

-12.0 

4.3 

1  .0 

4.3 

-7.7 

June  1 1 

0940 

c 

-14.0 

5.0 

1.0 

5.0 

-9.0 

June  15 

1130 

c 

-12.5 

5.8 

1.0 

5.8 

-6.7 

June  19 

1030 

c 

-14.0 

5.8 

1  .0 

5.8 

-8.7 

June  23 

0705 

s 

-10.0 

0.0 

0.75 

0.0 

-10.0 

June  27 

1015 

CL 

-13.5 

5.6 

0.5 

2.8 

-10.7 

July  1 

0940 

0 

-6.5 

5.0 

0.25 

1.3 

-5.2 

July  5 

1045 

0 

-6.0 

5.9 

0.25 

1  .5 

-4.5 

July  9 

0710 

C 

-7.0 

0.4 

1  .0 

0.4 

-6.6 

July  13 

0945 

c 

-13.0 

5.0 

1  .0 

5.0 

-8.0 

July  17 

1105 

c 

-14.0 

6.0 

1  .0 

6.0 

-8.0 

July  21 

0850 

0 

-9.0 

3.0 

0.25 

0.8 

-8.2 

July  25 

0820 

H 

-7.5 

2.0 

0.75 

1.5 

-6.0 

July  29 

0915 

C 

-10.5 

4.0 

1  .0 

4.0 

-6.5 

Aug  2 

0925 

0 

-4.0 

4.5 

0.25 

1  .  1 

-2.9 

Aug  6 

0940 

CL 

-8.5 

5.0 

0.5 

2.5 

-6.0 

Aug  1  0 

0905 

0 

-8.0 

3.5 

0.25 

0.9 

-7.  1 

Aug  1 4 

0915 

0 

-7.0 

4.0 

0.25 

1  .0 

-6.0 

Aug  1 8 

0910 

C 

-12.0 

4.0 

1  .0 

4.0 

-8.0 

Aug  22 

0815 

CL 

-6.5 

2.0 

0.5 

1  .0 

-5.5 

Picea  glauca  -  Plot  3 

[ 

May  1 0 

0915 

C 

-6.0 

6.0 

1  .0 

6.0 

-0.0 

May  1 4 

1300 

C 

-14.0 

7.7 

1  .0 

7.7 

-6.3 

May  18 

0935 

PC 

-8.0 

6.5 

0.75 

4.9 

-3.  1 

May  22 

1220 

C 

-15.0 

8.5 

1.0 

8.5 

-6.5 

May  26 

0715 

C 

-5.5 

0.5 

1.0 

0.5 

-5.0 

May  30 

1035 

C 

-8.0 

7.9 

1  .0 

7.9 

-0.  1 

June  3 

0915 

C 

-11.5 

6.0 

1.0 

6.0 

-5.5 

June  7 

1225 

C 

-14.0 

8.2 

1  .0 

8.2 

-5.8 

June  1 1 

0940 

C 

-12.0 

8.0 

1  .0 

8.0 

-4.0 

June  15 

1130 

c 

-16.5 

8.5 

1.0 

8.5 

-8.0 

June  19 

1030 

c 

-14.0 

7.9 

1  .0 

7.9 

-6. 1 

June  23 

0705 

s 

-10.5 

0.0 

0.75 

0.0 

-10.5 

June  27 

1015 

CL 

-13.5 

7.7 

0.5 

3.8 

-9.7 

July  1 

0940 

0 

-5.5 

7.0 

0.25 

1.8 

-3.7 

July  5 

1045 

0 

-7.0 

8.0 

0.25 

2.0 

-5.0 

July  9 

0710 

C 

-6.0 

0.5 

1.0 

0 . 5 

-5.5 

July  13 

0945 

C 

-15.5 

7.0 

1  .0 

7.0 

-8.5 

July  17 

1105 

c 

-14.0 

8.2 

1.0 

8.2 

-5.8 

July  21 

0850 

0 

-9.0 

4.6 

0.25 

1  .  1 

-7.9 

July  25 

0820 

H 

-6.5 

2.7 

0.75 

2.0 

-4.5 

July  29 

0915 

C 

-8.5 

6.0 

1.0 

6.0 

-2.5 

Aug  2 

0925 

0 

-4.5 

6.5 

0.25 

1  .6 

-2.9 

Aug  6 

0940 

CL 

-10.0 

8.0 

0.5 

4.0 

-6.0 

Aug  1  0 

0905 

0 

-7.5 

5.5 

0.25 

1  .4 

-6.  1 

Aug  14 

0915 

0 

-6.0 

6.0 

0.25 

1  .5 

-4.5 

Aug  1 8 

0910 

C 

-12.0 

6.0 

1.0 

6 . 0 

-6.0 

Aug  22 

0815 

CL 

-4.5 

2.7 

0.5 

1  .  4 

-3 .  1 

* 
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Picea  glauca  -  Plot  4 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

May  1  0 

0820 

C 

-6.0 

2.7 

1  .0 

2.7 

-3.3 

May  1 4 

1140' 

C 

-14.5 

8.6 

1  .0 

8.6 

-5.9 

May  1 8 

0825 

c 

-7.0 

3.7 

1  .0 

3.7 

-3.3 

May  22 

1055 

c 

-13.0 

8.2 

1  .0 

8.2 

-4.8 

May  26 

1045 

CL 

-12.5 

8.0 

0.5 

4.0 

-8.5 

May  30 

0940 

c 

-10.5 

7.0 

1  .0 

7.0 

-3.5 

June  3 

1040 

c 

-20.0 

8.0 

1  .0 

8.0 

-12.0 

June  7 

0730 

c 

-7.5 

0.9 

1  .0 

0.9 

-6.6 

June  1 1 

1030 

c 

-15.0 

7.9 

1  .0 

7.9 

-7  .  1 

June  15 

0945 

c 

-16.0 

7.0 

1.0 

7.0 

-9.0 

June  19 

0830 

s 

-13.0 

3.7 

0.75 

2.7 

-10.3 

June  23 

0825 

PC 

-12.0 

3.7 

0.75 

2.7 

-9.3 

June  27 

0830 

PC 

-14.0 

3.7 

0.5 

1  .8 

-12.2 

July  1 

0855 

0 

-6.0 

5.5 

0.25 

1  .4 

-4.6 

July  5 

0920 

0 

-5.5 

6.0 

0.25 

1  .5 

-4.0 

July  9 

0815 

c 

-11.5 

2.7 

1.0 

2.7 

-8.8 

July  13 

0715 

c 

-7.5 

0.5 

1  .0 

0.5 

-7.0 

July  17 

0720 

F 

-10.5 

0.5 

0.75 

0.3 

-10.2 

July  21 

1030 

0 

-11.0 

7.9 

0.25 

2.0 

-9.0 

July  25 

0900 

H 

-8.5 

5.5 

0.75 

4. 1 

-4.4 

July  29 

0800 

C 

-5.0 

1.8 

1  .0 

1  .8 

-3.2 

Aug  2 

0820 

0 

-2.5 

2.7 

0.25 

0.7 

-1.8 

Aug  6 

1030 

0 

-11.5 

7.9 

0.25 

2.0 

-9.5 

Aug  1  0 

0805 

0 

-7.5 

1  .8 

0.25 

0.4 

-7.  1 

Aug  14 

0720 

0 

-4.0 

0.5 

0.25 

0.1 

-3.9 

Auq  18 

0805 

c 

-8.0 

1  .8 

1  .0 

1  .8 

-6.2 

Aug  22  0905 

Picea  glauca  - 

CL 

Plot 

-7.5 

5 

5.5 

0.5 

2.8 

-4.7 

May  1  0 

0735 

C 

-5.5 

0.9 

1  .0 

0.9 

-4.6 

May  1 4 

0945 

C 

-12.5 

7.0 

1  .0 

7.0 

-5.5 

May  18 

0735 

C 

-5.5 

0.9 

1  .0 

0.9 

-4.6 

May  22 

0930 

C 

-12.0 

6.5 

1  .0 

6.5 

-5.5 

May  26 

0915 

C 

-9.0 

6.0 

1.0 

6.0 

-3.0 

May  30 

0800 

C 

-3.5 

1  .8 

1  .0 

1  .8 

-1.7 

June  3 

1130 

C 

-9.0 

8.5 

1  .0 

8.5 

-0.5 

June  7 

0830 

c 

-12.0 

3.7 

1  .0 

3.7 

-8.3 

June  1  1 

1130 

c 

-5.0 

8.6 

1.0 

8.6 

+  3.6 

June  15 

0755 

c 

-14.0 

1.8 

1  .0 

1  .8 

-12.2 

June  19 

0710 

CL 

-11.5 

0.5 

0.5 

0.2 

-11.3 

June  23 

0955 

PC 

-17.5 

7.5 

0.75 

5.6 

-11.9 

June  27 

0715 

CL 

-12.0 

0.5 

0.5 

0.2 

-11.8 

July  1 

0700 

0 

-4.0 

0 

0.25 

0 

-4.0 

July  5 

0755 

0 

-4.0 

1  .8 

0.25 

0.5 

-3.5 

July  9 

0910 

C 

-13.0 

6.0 

1  .0 

6.0 

-7.0 

July  13 

0810 

C 

-9.5 

2.7 

1.0 

2.7 

-6.8 

July  17 

0845 

C 

-15.0 

4.6 

1  .0 

4.6 

-10.4 

July  21 

0940 

0 

-11.0 

7.0 

0.25 

1  .8 

-9.2 

July  25 

1015 

H 

-17.0 

7.7 

0.75 

5.8 

-11.2 

286 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  29 

0650 

C 

-4.5 

+  0.5 

1  .0 

+  0.5 

-5.0 

Aug  2 

0650 

0 

-2.5 

+  0.5 

0.25 

+  0.  1 

-2.6 

Aug  6 

1210 

c 

-21  .0 

8.5 

1  .0 

8.5 

-12.5 

Aug  1  0 

0710 

0 

-6.0 

0.5 

0.25 

0.  1 

-5.9 

Aug  1 4 

0750 

0 

-6.0 

1  .4 

0.25 

0.3 

-5.7 

Aug  18 

0700 

c 

-6.5 

0.0 

1.0 

0.0 

-6.5 

Aug  22  1000 

Picea  glauca  - 

PC 

Plot  6 

-9.0 

7.5 

0.75 

5.6 

-3.4 

May  1  0 

0715 

C 

-3.0 

0.5 

1  .0 

0.5 

-2.5 

May  1 4 

1020 

C 

-16.0 

7.7 

1  .0 

7.7 

-8.3 

May  18 

0710 

C 

-7.5 

0.5 

1  .0 

0.5 

-7.0 

May  22 

1000 

C 

-16.5 

7.5 

1.0 

7.5 

-9.0 

May  26 

0955 

C 

i 

oo 

o 

7.5 

1.0 

7.5 

-0.5 

May  30 

0835 

C 

-10.5 

6.5 

1.0 

6.5 

-4.0 

June  3 

1205 

C 

-16.0 

8.7 

1  .0 

8.7 

-7.3 

June  7 

0900 

C 

-19.0 

5.5 

1.0 

5.5 

-13.5 

June  1 1 

1205 

CL 

-11.5 

8.7 

0.5 

4.4 

-7.1 

June  15 

0820 

C 

-15.0 

2.7 

1.0 

2.7 

CO 

CM 

June  19 

0645 

CL 

-9.0 

+  0.5 

0.5 

+  0.2 

-9.2 

June  23 

0935 

PC 

-14.5 

6.5 

0.75 

4.9 

-9.6 

June  27 

0750 

CL 

-13.0 

1  .4 

0.5 

0.7 

-12.3 

July  1 

0745 

0 

-3.5 

1.35 

0.25 

0.3 

-3.2 

July  5 

0815 

0 

-3.5 

2.7 

0.25 

0.7 

-2.8 

July  9 

0940 

C 

-17.5 

7.0 

1  .0 

7.0 

-10.5 

July  13 

0845 

C 

-6.0 

1  .4 

1  .0 

1  .4 

-4.6 

July  17 

0810 

C 

-13.0 

2.7 

1  .0 

2.7 

-10.3 

July  21 

0925 

0 

-10.5 

6.5 

0.25 

1.6 

-8.9 

July  25 

1035 

H 

-18.0 

7.9 

0.75 

5.9 

-12.  1 

July  29 

0710 

C 

-5.0 

0.5 

1.0 

0.5 

-4.5 

Aug  2 

0705 

0 

-4.0 

0 

0.25 

0 

-4 . 0 

Aug  6 

1145 

CL 

-15.0 

8.6 

0.5 

4.3 

i 

o 

-J 

Aug  1  0 

0650 

H 

-5.5 

+  0.5 

0.75 

+  0.3 

-5.8 

Aug  1 4 

0805 

0 

-4.5 

1  .8 

0.25 

0.5 

-4.0 

Auq  1 8 

0710 

C 

-6.5 

0.5 

1  .0 

0.5 

-6.0 

Aug  22  1015 

Picea  glauca  - 

PC 

Plot  9 

-14.5 

7.7 

0.75 

5.8 

-8.7 

May  1  0 

0945 

C 

-4.5 

7.0 

1.0 

7.0 

+2.5 

May  1 4 

1330 

C 

-10.5 

7.2 

1  .0 

7.2 

-3,3 

May  1  8 

0950 

C 

o 

(X) 

1 

7.0 

1.0 

7.0 

-1.0 

May  22 

1240 

PC 

LO 

CD 

1 

8.0 

0.75 

6.0 

i 

o 

on 

May  26 

0740 

C 

-4.5 

1  .4 

1.0 

1  .4 

-3.  1 

May  30 

1130 

C 

-20.0 

8.5 

1.0 

8.5 

-11.5 

June  3 

0950 

c 

-16.0 

7.0 

1  .0 

7.0 

o 

CD 

1 

June  7 

1300 

CL 

-14.5 

7.7 

0.5 

3.9 

CD 

o 

1 

June  1 1 

0905 

C 

-14.0 

5.5 

1.0 

5.5 

-8.5 

june  15 

1050 

C 

-15.5 

7.0 

1.0 

7.0 

-8.5 

June  19 

1010 

C 

-16.0 

7.7 

1.0 

7.7 

-8.3 

June  23 

0720 

S 

-12.0 

0.5 

0.75 

0.3 

-11.7 

* 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

June  27 

0935 

CL 

-14.5 

6.5 

0.5 

3.3 

-11.2 

July  1 

1000 

0 

-5.0 

7.5 

0.25 

1.9 

-3.  1 

July  5 

1035 

0 

-7.0 

7.9 

0.25 

2.0 

-5.0 

July  9 

0630 

C 

-6.0 

+  0.9 

1  .0 

+  0.9 

-6.9 

July  13 

0915 

C 

-15.0 

6.0 

1  .0 

6.0 

-9.0 

July  17 

1035 

C 

-10.5 

7.9 

1  .0 

7.9 

-2.6 

July  21 

0825 

0 

-7.5 

3.7 

0.25 

0.9 

-6.6 

July  25 

0750 

H 

-6.0 

1  .4 

0.75 

1  .0 

-5.0 

July  29 

0845 

C 

-9.0 

4.6 

1  .0 

4.6 

-4.4 

Aug  2 

0905 

0 

-3.0 

5.5 

0.25 

1  .4 

-1.6 

Aug  6 

0900 

CL 

-9.5 

5.5 

0.5 

2.8 

-6.7 

Aug  10 

0850 

0 

-6.0 

4.6 

0.25 

1  .  1 

-4.9 

Aug  14 

0900 

0 

-6.0 

5.5 

0.25 

1  .4 

-4.6 

Aug  1 8 

0850 

C 

-9.0 

5.5 

1  .0 

5.5 

-3.5 

Aug  22  0800 

Picea  mar i ana  - 

C 

Plot 

-3.5 

7 

1  .8 

1  .0 

1.8 

-1.7 

May  1 0 

1115 

C 

-7.5 

11.6 

1  .0 

11.6 

+4. 1 

May  1 4 

0830 

C 

-12.0 

5.5 

1  .0 

5.5 

-6.5 

May  18 

1125 

C 

-10.5 

11.8 

1  .0 

11.8 

+  1.3 

May  22 

1330 

PC 

-12.0 

8.3 

0.75 

6.2 

-5.8 

May  26 

1240 

CL 

-2.5 

10.2 

0.5 

5.1 

+  2.6 

May  30 

0655 

C 

-9.0 

0.0 

1  .0 

0.0 

-9.0 

June  3 

1350 

C 

-3.5 

7.3 

1  .0 

7.3 

+  3.8 

June  7 

1010 

C 

-11.0 

10.6 

1.0 

10.6 

-0.4 

June  1  1 

0650 

C 

-9.0 

+  0.4 

1  .0 

+  0.4 

-9.4 

June  15 

0700 

C 

-12.5 

0.0 

1.0 

0.0 

-12.5 

June  19 

1245 

C 

-18.5 

10.1 

1.0 

10.1 

-8.4 

June  23 

1235 

PC 

-14.5 

10.8 

0.75 

10.8 

-6.4 

June  27 

1235 

0 

-14.0 

10.8 

0.25 

2.7 

-11.3 

July  1 

1230 

0 

-14.0 

10.8 

0.25 

2.7 

-11.3 

July  5 

1200 

PC 

-8.0 

12.0 

0.75 

9.0 

+  1  .0 

July  9 

1315 

c 

-19.5 

9.0 

1  .0 

9.0 

-10.5 

July  13 

1015 

c 

-12.0 

10.6 

1.0 

10.6 

-1.4 

July  17 

0640 

c 

-6.0 

+  1  .3 

1  .0 

+  1  .3 

-7.3 

July  21 

0625 

CL 

-5.5 

+2.0 

0.5 

+  1  .0 

-6.5 

July  25 

1240 

PC 

-16.0 

10.1 

0.75 

7.6 

-8.4 

July  29 

1045 

C 

-16.0 

11.2 

1  .0 

11.2 

-4.8 

Aug  2 

1100 

0 

-1.0 

11.5 

0.25 

2.9 

+  1  .9 

Aug  6 

0700 

0 

-5.0 

0.0 

0.25 

0.0 

-5.0 

Aug  1  0 

0930 

0 

-7.5 

8.6 

0.25 

2.2 

-5.3 

Aug  1 4 

1040 

0 

-7.5 

11.2 

0.25 

2.8 

-4.7 

Auq  1 8 

1045 

c 

-17.0 

11.2 

1  .0 

11.2 

-5.8 

Aug  22  1100 

Picea  mar i ana  - 

c 

Plot 

00 

1 

CD 

CJI 

11.5 

1.0 

11.5 

+2.5 

May  1 0 

0850 

c 

-6.0 

6.3 

1.0 

6.3 

+  0.3 

May  1 4 

1225 

c 

-16.5 

10.8 

1.0 

10.8 

-5.7 

May  18 

0905 

c 

-10.5 

7.0 

1  .0 

7.0 

-3.5 

May  22 

1125 

c 

-14.5 

11.8 

1  .0 

11.8 

-2.7 
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Date 

T  ime 

A 

B 

May  26 

0835 

C 

-7.0 

May  30 

1015 

C 

-15.0 

June  3 

1320 

C 

-19.0 

June  7 

0655 

C 

-7.5 

June  1  1 

1005 

c 

-17.0 

June  15 

1015 

c 

-16.0 

June  19 

0855 

s 

-12.0 

June  23 

0800 

s 

-11.0 

June  27 

0905 

CL 

LO 

00 

1 

July  1 

1300 

0 

-10.0 

July  5 

0955 

0 

-4.0 

July  9 

0745 

C 

-6.5 

July  13 

0645 

C 

-6.5 

July  17 

1000 

c 

-14.0 

July  21 

1100 

0 

-9.0 

July  25 

1145 

H 

-15.5 

July  29 

0825 

C 

-7.5 

Aug  2 

0845 

0 

-3.0 

Aug  6 

1000 

0 

-10.5 

Aug  10 

0830 

0 

-8.0 

Aug  14 

0700 

0 

-6.0 

Aug  1 8 

0830 

C 

-9.5 

Aug  22 

0840 

CL 

-4.5 

Popu 1  us 

tremuloides 

-  Plot  10 

May  30 

1230 

CL 

-11.0 

June  3 

0810 

C 

-8.0 

June  7 

1120 

C 

-9.5 

June  1 1 

0815 

C 

-6.0 

June  15 

1310 

C 

-16.0 

June  19 

1100 

C 

-14.0 

June  23 

1130 

c 

-15.5 

June  27 

1045 

CL 

-13.5 

July  1 

1050 

0 

-3.5 

July  5 

0640 

0 

-3.0 

July  9 

1120 

C 

-16.0 

July  13 

1145 

PC 

-17.5 

July  17 

1140 

C 

-19.0 

July  21 

0710 

0 

-4.5 

July  25 

0640 

H 

-2.0 

July  29 

0940 

C 

-9.5 

Aug  2 

1015 

0 

-5.0 

Aug  6 

0750 

CL 

-8.5 

Aug  10 

1025 

0 

-9.5 

Aug  1 4 

0940 

0 

-9.0 

Aug  1 8 

0930 

C 

-14.5 

Auq  22 

0740 

0 

-6.0 

Popu 1  us  tremuloides 

-  Plot  11 

June  1 1 

1300 

CL 

-11.5 

C 

D 

E 

F 

5.5 

1  .0 

5.5 

-1.5 

10.6 

1  .0 

10.6 

-4.4 

8.3 

1  .0 

8.3 

-10.7 

0.0 

1  .0 

0.0 

-7.5 

10.3 

1  .0 

10.3 

-6.7 

10.6 

1  .0 

10.6 

-5.4 

7.0 

0.75 

5.25 

-7.7 

4.0 

0.75 

3.0 

-8.0 

7.0 

0.5 

3.5 

-5.0 

9.5 

0.25 

2.4 

-7.6 

10.3 

0.25 

2.6 

-1.4 

3.0 

1  .0 

3.0 

-3.5 

+  1  .0 

1  .0 

+  1  .0 

-7.5 

10.3 

1  .0 

10.3 

-3.7 

11.5 

0.25 

2.9 

-6.1 

11.9 

0.75 

8.9 

-6.6 

5.5 

1  .0 

5.5 

-2.0 

6.3 

0.25 

1.6 

-1.4 

10.3 

0.25 

2.6 

-7.9 

5.5 

0.25 

1  .4 

-6.6 

0.0 

0.25 

0.0 

-6.0 

5.5 

1  .0 

5.5 

-4.0 

6.3 

0.5 

3.  1 

-1.4 

7.0 

0.5 

3.5 

-7.5 

3.0 

1  .0 

3.0 

-5.1 

6.5 

1  .0 

6.5 

-3.0 

3.0 

1  .0 

3.0 

-3.0 

6.9 

1.0 

6.9 

-9.  1 

6.3 

1.0 

6.3 

-7.7 

6.6 

1  .0 

6.6 

-8.9 

6.2 

0.5 

3.  1 

-10.4 

6.2 

0.25 

1  .6 

-1.9 

+  0.6 

0.25 

+  0.2 

-3.2 

6.5 

1  .0 

6.5 

-9.5 

6.8 

0.75 

5.1 

-12.4 

6.8 

1  .0 

6.8 

-12.2 

0.6 

0.25 

0.2 

-4.3 

+  0.6 

0.75 

+  0.5 

-2.5 

5.6 

1  .0 

5.6 

-3.9 

4.7 

0.25 

1  .2 

-3.8 

1.9 

0.5 

0.9 

-7.6 

6.2 

0.25 

1.5 

-8.0 

5.6 

0.25 

1.4 

-7.6 

5.1 

1.0 

5.  1 

-9.4 

1.9 

0.25 

0.5 

-5.5 

15.6 

0.5 

7.8 

-3.7 

- 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

June  15 

0905 

C 

-13.0 

10.6 

1  .0 

10.6 

-2.4 

June  19 

0755 

CL 

-6.5 

1.6 

0.5 

0.8 

-5.7 

June  23 

0900 

PC 

- 13.5 

10.6 

0.75 

8.0 

-5.5 

June  27 

1  100 

CL 

-7.5 

15.2 

0.5 

7.6 

+  0.  1 

July  1 

0825 

0 

-5.0 

6.  1 

0.25 

1.5 

-3.5 

July  5 

0900 

0 

-4.0 

10.6 

0.25 

2.7 

-1.3 

July  9 

1050 

C 

i 

CD 

O 

15.  1 

1  .0 

15.1 

-0.9 

July  13 

0840 

C 

-9.0 

8.4 

1  .0 

8.4 

-0.6 

July  17 

0925 

C 

-16.5 

12.6 

1  .0 

12.6 

-3.9 

July  21 

0905 

PC 

-10.5 

10.6 

0.5 

5.3 

-5.2 

July  25 

0950 

c 

-16.0 

13.6 

.1  .0 

13.6 

-2.4 

July  29 

0740 

c 

-3.0 

1.2 

1  .0 

1  .2 

-1.8 

Aug  2 

0740 

0 

-3.0 

1  .2 

0.25 

0.3 

-2.7 

Aug  6 

1  125 

CL 

-12.0 

15.6 

0.5 

7.8 

-4.2 

Aug  1  0 

0740 

0 

-8.5 

1  .2 

0.25 

0.3 

-8.2 

Aug  14 

0835 

0 

-7.0 

6.1 

0.25 

1.5 

-5.5 

Aug  1 8 

0740 

C 

-12.5 

1.2 

1  .0 

1  .2 

-11.3 

Aug  22 

0935 

PC 

-10.0 

12.6 

0.75 

9.5 

-0.5 

Prunus  pensylvan ica 

-  Plot  9 

May  22 

1240 

PC 

-11.0 

12.2 

0.75 

9.  1 

-1.9 

May  26 

0740 

C 

-4.0 

1  .  1 

1  .0 

1  .  1 

-2.9 

May  30 

1130 

c 

-15.0 

11.3 

1  .0 

11.3 

-3.7 

June  3 

0950 

c 

-20.0 

in 

o- 

1  .0 

7.5 

-12.5 

June  7 

1300 

CL 

-17.0 

12.2 

0.5 

6.  1 

-10.9 

June  1 1 

0905 

C 

-18.5 

4.5 

1.0 

4.5 

-14.0 

June  15 

1050 

c 

-17.5 

10.0 

1.0 

10.0 

-7.5 

June  19 

1010 

c 

-20.5 

9.0 

1  .0 

9.0 

-11.5 

June  23 

0720 

s 

-12.0 

0.4 

0.75 

0.3 

-11.7 

June  27 

0935 

CL 

-10.0 

6.5 

0.5 

3.3 

-6.7 

July  1 

1000 

0 

-6.5 

8.5 

0.25 

2.  1 

-4.4 

July  5 

1035 

0 

-4.0 

9.5 

0.25 

2.4 

-1.6 

July  9 

0630 

C 

-6.5 

+  0.8 

1.0 

+  0.8 

-7.3 

July  13 

0915 

C 

-17.5 

5.5 

1.0 

5.5 

-12.0 

July  17 

1035 

C 

-12.5 

9.5 

1  .0 

9 . 5 

-3.0 

July  21 

0825 

0 

-6.5 

3.0 

0.25 

0.8 

-5.7 

July  25 

0750 

H 

-6.0 

1  .  1 

0.75 

0.8 

-5.2 

July  29 

0845 

C 

-6.0 

3.8 

1  .0 

3.8 

-2.2 

Aug  2 

0905 

0 

-2.5 

4.5 

0.25 

1  .  1 

-1.4 

Aug  6 

0900 

0 

-7.5 

4.5 

0.25 

1  .  1 

-6.4 

Aug  1  0 

0850 

0 

-8.5 

3.8 

0.25 

0.9 

-7.6 

Aug  14 

0900 

0 

-7.5 

4.5 

0.25 

1  .  1 

-6.4 

Aug  1 8 

0850 

C 

-6.0 

3.8 

1.0 

3.8 

-2.2 

Aug  22 

0800 

c 

-1.0 

1.5 

1  .0 

1  .5 

+  0 . 5 

Prunus  pensylvan ica 

-  Plot  10 

May  22 

0815 

c 

-7.5 

1.0 

1  .0 

1  .0 

-6.5 

May  26 

1  115 

CL 

-12.0 

3.0 

0.5 

1  . 5 

-10.5 

May  30 

1230 

CL 

-19.0 

3.7 

0.5 

1.9 

-17.1 

June  3 

0810 

C 

-7.5 

1  .0 

1  .0 

1  .0 

-6.5 

' 

> 

v'vi'i  ruo 

' 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

June  7 

1120 

C 

-18.5 

3.0 

1  .0 

3.0 

-15.5 

June  1  1 

0815 

C 

-12.0 

1  .0 

1  .0 

1  .0 

-11.0 

June  15 

1310 

c 

-13.5 

3.9 

1  .0 

3.9 

-9.6 

June  19 

1  100 

c 

-12.0 

2.8 

1  .0 

2.8 

-9.2 

June  23 

1  130 

c 

-19.0 

3.  1 

1  .0 

3.  1 

-15.9 

June  27 

1045 

CL 

-14.0 

2.6 

0.5 

1  .3 

-12.7 

July  1 

1050 

0 

-6.0 

2.6 

0.25 

0.7 

-5.3 

July  5 

0640 

0 

-2.5 

+  0.2 

0.25 

+  0.  1 

-2.6 

July  9 

1120 

C 

-12.5 

3.0 

1  .0 

3.0 

-9.5 

July  13 

1145 

PC 

-14.0 

3.3 

0.75 

2.4 

-11.6 

July  17 

1140 

C 

-18.0 

3.3 

1  .0 

3.3 

-14.7 

July  21 

0710 

0 

-4.0 

0.2 

0.25 

0.  1 

-3.9 

July  25 

0640 

H 

-4.0 

+  0.2 

0.75 

+  0.2 

-4.2 

July  29 

0940 

C 

-10.5 

1.9 

1  .0 

1  .9 

-8.6 

Aug  2 

1015 

0 

-1.5 

2.2 

0.25 

0.6 

-0.9 

Aug  6 

0750 

CL 

-6.0 

0.6 

0.5 

0.3 

-5.7 

Aug  1 0 

1025 

0 

-10.0 

2.4 

0.25 

0.6 

-9.4 

Aug  14 

0940 

0 

-7.5 

1  .9 

0.25 

0.5 

-7.0 

Auq  18 

0930 

C 

-12.5 

1  .7 

1  .0 

1  .7 

-10.8 

Aug  22  0740  0 

Pyro 7  a  asar ifolia  - 

-2.5 
Plot  3 

0.6 

0.25 

0.2 

-2.3 

May  18 

0935 

PC 

-7.5 

4.4 

0.75 

3.3 

-4.2 

May  22 

1220 

C 

-15.0 

6.2 

1  .0 

6.2 

-8.8 

May  26 

0715 

c 

-1.5 

0.5 

1  .0 

0.5 

-1.0 

May  30 

1035 

c 

-17.5 

6.0 

1  .0 

6.0 

-11.5 

June  3 

0915 

c 

-25.0 

3.7 

1  .0 

3.7 

-21  .3 

June  7 

1225 

c 

-8.0 

6.2 

1  .0 

6.2 

-1.8 

June  1  1 

0940 

c 

-11.5 

5.1 

1.0 

5.1 

-6.4 

June  15 

1130 

c 

-19.0 

6.2 

1  .0 

6.2 

-12.8 

June  19 

1030 

c 

-11.0 

6.0 

1  .0 

6.0 

-5.0 

June  23 

0705 

s 

-6.5 

0.0 

0.75 

0.0 

-6.5 

June  27 

1015 

CL 

-13.0 

5.9 

0.5 

2.9 

-10.1 

July  1 

0940 

0 

-2.0 

5.  1 

0.25 

1.3 

-0.7 

July  5 

1045 

0 

-3.0 

6.  1 

0.25 

1.5 

-1.5 

July  9 

0710 

c 

-3.0 

0.5 

1  .0 

0.5 

-2.5 

July  13 

0945 

c 

-9.0  . 

5.1 

1  .0 

5.1 

-3.9 

July  17 

1105 

c 

-12.0 

6.2 

1  .0 

6.2 

-5.8 

July  21 

0850 

0 

-4.0 

2.7 

0.25 

0.7 

-3.3 

July  25 

0820 

H 

-3.0 

2.2 

0.75 

1  .6 

-1.4 

July  29 

0915 

C 

-3.5 

3.7 

1  .0 

3.7 

+  0.2 

Aug  2 

0925 

0 

-2.5 

4.4 

0.25 

1  .  1 

-1.4 

Aug  6 

0940 

CL 

-5.5 

5.  1 

0.5 

2.5 

-3.0 

Aug  1  0 

0905 

0 

-6.5 

3.0 

0.25 

0.8 

-5.7 

Aug  1 4 

0915 

0 

-3.5 

3.7 

0.25 

0.9 

-2.6 

Auq  18 

0910 

c 

-2.0 

3.7 

1.0 

3.7 

+  1  .7 

Aug  22  0815  CL 

Pyro 7 a  asar ifol i a  - 

-2.5 
Plot  5 

2.2 

0.5 

1  .  1 

-1.4 

May  26 

0915 

c 

-2.5 

3.7 

1.0 

3.7 

+  1  .2 

> 

\ 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

May  30 

0800 

C 

-10.0 

1  .9 

1.0 

1.9 

-8.1 

June  3 

1130 

C 

-11.5 

6.2 

1  .0 

6.2 

-5.3 

June  7 

0830 

c 

-7.5 

2.5 

1  .0 

2.5 

-5.0 

June  1 1 

1120 

c 

-20.0 

6.2 

1  .0 

6.2 

-13.8 

June  15 

0755 

c 

-10.0 

1  .9 

1  .0 

1  .9 

-8.  1 

June  19 

0710 

CL 

-10.0 

0.5 

0.5 

0.2 

-9.8 

June  23 

0955 

PC 

-11.0 

5.8 

0.75 

4.3 

-6.7 

June  27 

0715 

CL 

-7.5 

0.5 

0.5 

0.2 

-7.3 

July  1 

0700 

0 

-2.5 

0.0 

0.25 

0.0 

-2.5 

July  5 

0755 

0 

-2.0 

1  .9 

0.25 

0.5 

-1.5 

July  9 

0910 

C 

-5.0 

3.7 

1  .0 

3.7 

-1.3 

July  13 

0810 

C 

-8.0 

2.2 

1  .0 

2.2 

-5.8 

July  17 

0845 

C 

-7.5 

2.7 

1  .0 

2.7 

-4.8 

July  21 

0940 

0 

-4.0 

5.1 

0.25 

1  .3 

-2.7 

July  25 

1015 

H 

-9.0 

5.9 

0.75 

4.4 

-4.6 

July  29 

0650 

C 

-3.5 

+  0.2 

1  .0 

+  0.2 

-3.7 

Aug  2 

0650 

0 

-4.0 

+  0.2 

0.25 

+  0.  1 

-4.  1 

Aug  6 

1210 

C 

-9.5 

6.2 

1.0 

6.2 

-3.3 

Aug  1  0 

0710 

0 

-4.5 

0.5 

0.25 

0.  1 

-4.4 

Aug  1 4 

0750 

0 

-2.5 

1  .4 

0.25 

0.4 

-2.  1 

Auq  18 

0700 

C 

-3.0 

0.0 

1  .0 

0.0 

-3.0 

Aug  22  1000  PC 

Pyrola  asarifol ia  - 

-4.0 
Plot  6 

5.6 

0.75 

4.3 

+  0.3 

May  26 

0955 

C 

-2.0 

5.8 

1.0 

5.8 

i 

oo 

CO 

+ 

May  30 

0835 

C 

-14.0 

2.5 

1  .0 

2.5 

-11.5 

June  3 

1205 

C 

-13.0 

6.2 

1  .0 

6.2 

-6.8 

June  7 

0900 

C 

-7.5 

3.0 

1.0 

3.0 

-4.5 

June  1  1 

1205 

CL 

-15.0 

6.2 

0.5 

3.1 

-11.9 

June  15 

0820 

C 

-12.5 

2.2 

1.0 

2.2 

-10.3 

June  19 

0645 

CL 

-19.5 

+  0.2 

0.5 

+  0.  1 

-19.6 

June  23 

0935 

PC 

-16.0 

4.4 

0.75 

3.3 

-12.7 

June  27 

0750 

CL 

-7.5 

1  .4 

0.5 

0.7 

-6.8 

July  1 

0745 

0 

-2.0 

1  .4 

0.25 

0.4 

-1.6 

July  5 

0815 

0 

-2.0 

2.2 

0.25 

0 . 5 

-1.5 

July  9 

0940 

C 

-8.5 

5.  1 

1.0 

5 .  1 

-3.4 

July  13 

0745 

C 

-4.5 

1  .4 

1  .0 

1  .4 

-3.  1 

July  17 

0810 

C 

-8.0 

2.2 

1  .0 

2.2 

-5.8 

July  21 

0925 

0 

-4.0 

4.4 

0.25 

1  .  1 

-2.9 

July  25 

1035 

H 

-11.0 

6.0 

0.75 

1  .5 

-9.5 

July  29 

0710 

C 

-1.5 

0.5 

1  .0 

0 . 5 

-1.0 

Aug  2 

0705 

0 

-5.0 

0.0 

0.25 

0.0 

-5.0 

Aug  6 

1145 

CL 

-8.0 

6.2 

0.5 

3.  1 

-4.9 

Aug  1  0 

0650 

H 

-2.5 

+  0.2 

0.75 

+  0.2 

-2.7 

Aug  1 4 

0805 

0 

-4.0 

1  .9 

0.25 

1 .4 

-2.6 

Aua  1 8 

0710 

C 

-3.5 

0.5 

1.0 

0 . 5 

-3.0 

Aug  22  1015  PC 

Pyrola  asarifol ia  - 

-4.5 
Plot  9 

5.9 

0.75 

4.4 

-0.  1 

May  22 

1240 

PC 

-22.0 

6.1 

0.75 

4.6 

-17.4 

v 


APPENDIX  II.  Continued . 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

May  26 

0740 

C 

-3.5 

1  .4 

1  .0 

1  .4 

-2.  1 

May  30 

1130 

C 

-26.0 

6.2 

1  .0 

6.2 

-19.8 

June  3 

0950 

c 

-26.0 

5.1 

1  .0 

5.1 

-20.9 

June  7 

1010 

CL 

-25.0 

5.9 

0.5 

2.9 

-22.  1 

June  1 1 

0905 

C 

-9.0 

3.0 

1  .0 

3.0 

-6.0 

June  15 

1050 

C 

-17.0 

6.1 

1  .0 

6.  1 

-10.9 

June  19 

1010 

C 

-13.5 

5.9 

1.0 

5.9 

-7.7 

June  23 

0720 

S 

-9.0 

1  .0 

0.75 

0.7 

-8.3 

June  27 

0935 

CL 

-12.5 

4.4 

0.5 

2.2 

-10.3 

July  1 

1000 

0 

-3.0 

5.8 

0.25 

1  .4 

-1.6 

July  5 

1035 

0 

-1.5 

6.0 

0.25 

1  .5 

-0.0 

July  9 

0630 

C 

-3.5 

+  0.8 

1  .0 

+  0.8 

-4.3 

July  13 

0915 

C 

-11.5 

3.7 

1  .0 

3.7 

-7.8 

July  17 

1035 

C 

-9.5 

6.0 

1  .0 

6.0 

-3.5 

July  21 

0825 

0 

-3.0 

2.5 

0.25 

0.6 

-2.4 

July  25 

0750 

H 

-3.5 

1  .4 

0.75 

1  .  1 

-2.4 

July  29 

0845 

C 

-4.5 

2.7 

1  .0 

2.7 

-1.8 

Aug  2 

0905 

0 

-2.0 

3.0 

0.25 

0.8 

-1.2 

Aug  6 

0900 

0 

-7.0 

3.0 

0.25 

0.8 

-6.2 

Aug  1  0 

0850 

0 

-6.0 

2.7 

0.25 

0.7 

-5.3 

Aug  1 4 

0900 

0 

-5.0 

3.0 

0.25 

0.8 

-4.2 

Aug  18 

0850 

C 

-3.0 

2.7 

1  .0 

2.7 

-0.3 

Auq  22 

0800 

C 

-1.0 

1  .9 

1  .0 

1  .9 

+  0.9 

Pynola  asanifol ia  - 

Plot  10 

May  1  4 

1400 

C 

-17.5 

5.9 

1  .0 

5.9 

-11.6 

May  18 

1020 

C 

-1.0 

5.9 

1.0 

5.9 

+4.9 

May  22 

0815 

C 

-21  .0 

2.2 

1  .0 

2.2 

-18.8 

May  26 

1115 

CL 

-20.0 

6.2 

0.5 

3.  1 

-16.9 

May  30 

1230 

CL 

-35.0 

6.2 

0.5 

3.5 

-31  .5 

June  3 

0810 

C 

11.0 

2.2 

1.0 

2.2 

-8.8 

June  7 

1120 

C 

-13.0 

6.2 

1  .0 

6.2 

-6.8 

June  1 1 

0815 

C 

-14.0 

2.2 

1.0 

2.2 

-11.8 

June  15 

1310 

C 

-13.5 

6.  1 

1.0 

6.  1 

-7.4 

June  19 

1100 

C 

-11.0 

6.2 

1.0 

6.2 

-4.8 

June  23 

1130 

C 

-10.5 

6.2 

1  .0 

6.2 

-4.3 

June  27 

1045 

CL 

-9.5 

6.1 

0.5 

3.0 

-6.5 

July  1 

1050 

0 

-3.5 

6.1 

0.25 

1.5 

-2.0 

July  5 

0640 

0 

-1.5 

+  0.2 

0.25 

+  0.  1 

-1.5 

July  9 

1120 

C 

-8.0 

6.2 

1  .0 

6.2 

-1.8 

July  13 

1145 

PC 

-7.5 

6.2 

0.75 

4.7 

-2.8 

July  17 

1140 

C 

-8.0 

6.2 

1  .0 

6.2 

-1.8 

July  21 

0710 

0 

-2.0 

0.5 

0.25 

0.1 

-1.9 

July  25 

0640 

H 

-1.5 

+  0.2 

0.75 

CM 

O 

+ 

-1.7 

July  29 

0940 

C 

-2.0 

5.1 

1  .0 

5.1 

+  3.  1 

Aug  2 

1015 

0 

-2.0 

5.9 

0.25 

1.5 

-0.5 

Aug  6 

0750 

CL 

-6.5 

1.4 

0.5 

0.7 

-5.8 

Aug  1  0 

1025 

0 

-5.5 

6.0 

0.25 

1  .5 

-4.0 

Aug  1 4 

0940 

0 

-5.0 

5.1 

0.25 

1  .3 

-3,7 

Aug  1 8 

0930 

C 

-4.0 

4.4 

1.0 

4 . 4 

+  0.4 

APPENDIX  II.  Continued. 
Date_ Time  A  B 


Aug  22 

0740 

0 

-1.0 

Pyrola  asanifolia  - 

Plot  11 

June  1 1 

1300 

CL 

-12.0 

June  15 

0905 

C 

-16.0 

June  19 

0755 

CL 

-8.5 

June  23 

0900 

PC 

-10.0 

June  27 

1100 

CL 

-8.0 

July  1 

0825 

0 

-2.0 

July  5 

0900 

0 

-1.5 

July  9 

1050 

C 

-8.5 

July  13 

0840 

C 

-7.5 

July  17 

0925 

C 

-7.5 

July  21 

0905 

CL 

-4.5 

July  25 

0950 

C 

-7.0 

July  29 

0740 

C 

-3.0 

Aug  2 

0740 

0 

-4.0 

Aug  6 

1125 

CL 

-7.5 

Aug  1  0 

0740 

0 

-3.0 

Aug  14 

0835 

0 

-4.0 

Aug  18 

0740 

C 

-3.0 

Aug  22 

0935 

PC 

-10.0 

Rosa  aciculanis 

-  Plot  1 

June  3 

0735 

C 

-12.0 

June  7 

1100 

C 

-11.0 

June  1  1 

0720 

C 

-7.5 

June  15 

1200 

C 

-18.5 

June  19 

0920 

S 

-19.0 

June  23 

1205 

PC 

-12.5 

June  27 

1200 

CL 

-17.5 

July  1 

1200 

PC 

-5.0 

July  5 

1125 

CL 

-3.0 

July  9 

1230 

C 

-17.5 

July  13 

1045 

C 

-17.5 

July  17 

1245 

PC 

-15.0 

July  21 

0645 

0 

-3.5 

July  25 

1205 

H 

-13.0 

July  29 

1020 

C 

-10.0 

Aug  2 

0955 

0 

-2.5 

Aug  6 

0720 

CL 

-3.5 

Aug  1  0 

1005 

0 

-7.0 

Aug  1 4 

1020 

0 

-5.5 

Aug  18 

1030 

C 

i 

CD 

<_n 

Aug  22 

0700 

CL 

-0.0 

Rosa  aciculanis  -  Plot  2 
June  3  0825  C  -15.0 

June  7  1155  C  -20.0 

June  1 1  0850  C  -13.0 


c 

D 

E 

F 

1  .4 

0.25 

0.4 

-0.6 

6.1 

0.5 

3.1 

-9.0 

3.0 

1  .0 

3.0 

-13.0 

1  .9 

0.5 

1  .0 

-7.5 

3.0 

0.75 

2.3 

-7.7 

6.2 

0.5 

3.1 

-4.9 

2.5 

0.25 

0.6 

-1.4 

3.0 

0.25 

0.8 

-0.7 

6.  1 

1  .0 

6.  1 

-2.4 

2.7 

1  .0 

2.7 

-4.8 

4.4 

1  .0 

4.4 

-3.  1 

3.0 

0.5 

1.5 

-3.0 

5.1 

1  .0 

5.1 

-1.9 

1  .4 

1  .0 

1  .4 

-1.6 

1  .4 

0.25 

0.4 

-3.6 

6.2 

0.5 

3.1 

-4.4 

1  .4 

0.25 

0.4 

-2.6 

2.5 

0.25 

0.6 

-3.4 

1  .4 

1  .0 

1.4 

-1.6 

4.4 

0.75 

3.3 

-6.7 

1  .0 

1.0 

1  .0 

-11.0 

10.2 

1.0 

10.2 

-0.8 

0.5 

1.0 

0.5 

-7.0 

11.5 

1.0 

11.5 

-7.0 

5.7 

0.75 

4.3 

-14.7 

11.5 

0.75 

8.6 

-3.9 

11.5 

0.5 

5.8 

-11.7 

11.5 

0.75 

8.6 

+  3.6 

10.9 

0.5 

5.4 

+  2.4 

11.9 

1.0 

11.9 

-5.6 

9.6 

1.0 

9.6 

-7.9 

•  12.1 

0.75 

9.1 

-5.9 

+  0.5 

0.25 

+  0.  1 

-3.6 

11.5 

0.75 

8.6 

-4.4 

8.4 

1  .0 

8.4 

-1.6 

7.8 

0.25 

2.0 

-0.5 

0.5 

0.5 

0.3 

-3.2 

7.8 

0.25 

2.0 

-5.0 

8.4 

0.25 

2.1 

-3.4 

9.0 

1  .0 

9.0 

-7.5 

0.0 

‘0.5 

0.0 

-0.0 

3.5 

1.0 

3.5 

-11.5 

11.5 

1.0 

11.5 

-8.5 

1.5 

1.0 

1.5 

-11.5 

\  ..-  V 
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Date 

T  ime 

A 

B  .  . 

C 

D 

E 

F 

June  15 

1235 

C 

-20.0 

11.9 

1  .0 

11.9 

-8.1 

June  19 

1150 

S 

-16.0 

11.2 

0.75 

8.4 

-7.6 

June  23 

1110 

c 

-19.5 

10.5 

1  .0 

10.5 

-9.0 

June  27 

1130 

CL 

-13.0 

10.9 

0.5 

5.4 

-7.6 

July  1 

1120 

0 

-3.5 

10.5 

0.25 

2.6 

-0.9 

July  5 

0710 

0 

-2.0 

0.5 

0.25 

0.  1 

-1.9 

July  9 

1210 

C 

-14.5 

11.7 

1  .0 

11.7 

-2.8 

July  13 

1110 

C 

-8.5 

10.5 

1  .0 

10.5 

+  2.0 

July  17 

1220 

PC 

-15.0 

11.7 

0.75 

8.8 

-6.2 

July  21 

0750 

0 

-7.5 

1  .5 

0.25 

0.4 

-7.  1 

July  25 

0720 

H 

-2.0 

0.5 

0.75 

0.4 

-1.6 

July  29 

1000 

C 

-14.5 

7.8 

1  .0 

7.8 

-6.7 

Aug  2 

1040 

0 

-3.0 

9.6 

0.25 

2.4 

-0.6 

Aug  6 

0830 

CL 

-7.5 

3.5 

0.25 

0.9 

-6.6 

Aug  1 0 

1050 

0 

-8.5 

9.6 

0.25 

2.4 

-6.1 

Aug  1 4 

1000 

0 

-6.0 

7.8 

0.25 

2.0 

-4.0 

Aug  18 

1000 

C 

-11.5 

7.8 

1.0 

7.8 

-3.7 

Aug  22  0720 

Rosa  acicu laris 

CL 

-  Plot 

-1.0 

3 

0.5 

0.5 

0.3 

-0.7 

June  3 

0915 

C 

-13.0 

5.7 

1  .0 

5.7 

-7.3 

June  7 

1225 

r 

V 

-13.0 

11.9 

1  .0 

11.9 

-1.1 

June  1  1 

0940 

C 

-18.0 

7.  1 

1.0 

7.  1 

-10.9 

June  15 

1130 

c 

-13.5 

10.9 

1  .0 

10.9 

-2.6 

June  19 

1030 

c 

-10.0 

9.0 

1.0 

9.0 

-1.0 

June  23 

0705 

s 

-5.0 

0.0 

0.75 

0.0 

-5.0 

June  27 

1015 

c 

-11.0 

8.4 

0.5 

4.2 

-6.8 

July  1 

0940 

0 

-5.0 

7.1 

0.25 

1  .8 

-3.2 

July  5 

1045 

0 

-3.5 

9.6 

0.25 

2.4 

-1.1 

July  9 

0710 

c 

-3.0 

0.5 

1.0 

0.5 

-2.5 

July  13 

0945 

c 

-9.0 

7.  1 

1  .0 

7.  1 

-1.9 

July  17 

1105 

c 

-12.0 

10.2 

1.0 

10.2 

-1.8 

July  21 

0850 

0 

-5.0 

4.3 

0.25 

1  .  1 

-3.9 

July  25 

0820 

H 

-3.5 

2.8 

0.75 

2.  1 

-1.4 

July  29 

0915 

c 

-7.5 

5.7 

1  .0 

5.7 

-1.8 

Aug  2 

0925 

0 

-3.5 

6.4 

0.25 

1 .6 

-1.9 

Aug  6 

0940 

CL 

-8.0 

7.  1 

0.5 

3.6 

-4.4 

Aug  1  0 

0905 

0 

-5.5 

5.0 

0.25 

1  .3 

-4.2 

Aug  14 

0915 

0 

-4.5 

5.7 

0.25 

1  .4 

-3.1 

Aug  1 8 

0910 

C 

-9.0 

5.7 

1.0 

5.7 

-3.3 

Aug  22  0815 

Rosa  acicularis 

CL  -1.0 

-  Plot  5 

2.8 

0.5 

1 .4 

+  0.4 

May  26 

0915 

C 

-7.0 

5.8 

1.0 

5.8 

-1.2 

May  30 

0800 

C 

-5.5 

2.0 

1  .0 

2.0 

-3.5 

June  3 

1130 

C 

-14.0 

10.3 

1  .0 

10.3 

-3.7 

June  7 

0830 

C 

-6.5 

3.5 

1  .0 

3.5 

-3.0 

June  1 1 

1130 

C 

-15.5 

10.3 

1.0 

10.3 

-5.2 

June  15 

0755 

C 

-15.0 

2.0 

1.0 

o 

CM 

o 

oo 
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Date 

T  i  me 

A 

B 

C 

D 

E 

_ 

June  19 

0710 

CL 

-2 . 5 

0.5 

0.5 

0.3 

-2.2 

June  23 

0955 

PC 

-7.0 

8.0 

0.75 

6.0 

-1.0 

June  27 

0715 

CL 

-4.0 

0.5 

0.5 

0.3 

-3.7 

July  1 

0700 

0 

-3.0 

0.0 

0.25 

0.0 

-3.0 

July  5 

0755 

0 

-1.5 

2.0 

0.25 

0.5 

-1.0 

July  9 

0910 

C 

-7.5 

5.8 

1  .0 

5.8 

-1.7 

July  13 

0810 

C 

-7.5 

2.8 

1  .0 

2.8 

-4.7 

July  17 

0845 

C 

-6.0 

4.3 

1  .0 

4.3 

-1.7 

July  21 

0940 

0 

-5.0 

7.3 

0.25 

1  .8 

-3.2 

July  25 

1015 

H 

-12.0 

8.8 

0.75 

6.6 

-5.4 

July  29 

0650 

C 

-4.0 

+D3 

1  .0 

+  0.3 

-4.3 

Aug  2 

0650 

0 

-2.0 

+  0.3 

0.25 

+  0.  1 

-2.1 

Aug  6 

1210 

C 

-11.0 

9.  1 

1  .0 

9.  1 

-1.9 

Aug  1 0 

0710 

0 

-4.5 

0.5 

0.25 

0.  1 

-4.4 

Aug  1 4 

0750 

0 

-5.0 

1  .5 

0.25 

0.4 

-4.6 

Aug  1  8 

0700 

c 

-5.0 

0.0 

1  .0 

0.0 

-5.0 

Auq  22 

1000 

PC 

-8.0 

8.0 

0.75 

6.0 

-2.0 

Rosa  acicu laris 

-  Plot  9 

May  22 

1240 

PC 

-17.0 

12.  1 

0.75 

9.  1 

-7.9 

May  26 

0740 

C 

-3.5 

1.5 

1.0 

1.5 

-2.0 

May  30 

1130 

C 

-14.0 

10.9 

1  .0 

10.9 

-3.  1 

June  3 

0950 

C 

-16.5 

7.  1 

1  .0 

7.  1 

-9.4 

June  7 

1010 

CL 

-18.5 

8.4 

0.5 

4.2 

-14.3 

June  1  1 

0905 

C 

-17.5 

5.0 

1  .0 

5.0 

-12.5 

June  15 

1050 

C 

-19.0 

9.6 

1  .0 

9.6 

-9.4 

June  19 

1010 

C 

-16.0 

8.4 

1  .0 

8.4 

-7.6 

June  23 

0720 

S 

o 

CD 

1 

0.5 

0.75 

0.4 

-7.6 

June  27 

0935 

CL 

-15.0 

6.4 

0.5 

3.2 

-11.8 

July  1 

1000 

0 

-6.5 

7.8 

0.25 

2.0 

-4.5 

July  5 

1035 

0 

-4.0 

9.0 

0.25 

2.3 

-1.7 

July  9 

0630 

C 

-5.0 

+  1  .0 

1.0 

+  1  .0 

-6.0 

July  13 

0915 

C 

-15.0 

5.7 

1  .0 

5.7 

-9.3 

July  17 

1035 

C 

-16.5 

9.0 

1  .0 

9.0 

-7.5 

July  21 

0825 

0 

-3.5 

3.5 

0.25 

0.9 

-3.6 

July  25 

0750 

H 

-4.5 

1.5 

0.75 

1  .  1 

-3.4 

July  29 

0845 

C 

-10.0 

4.3 

1.0 

4.3 

-5.7 

Aug  2 

0905 

0 

-1.5 

5.0 

0.25 

1.3 

-0.2 

Aug  6 

0900 

CL 

-7.5 

5.0 

0.5 

2.5 

-5.0 

Aug  1 0 

0850 

0 

-6.0 

4.3 

0.25 

1  .  1 

-4.9 

Aug  1 4 

0900 

0 

-7.5 

5.0 

0.25 

1  .3 

-6.2 

Aug  1 8 

0850 

C 

-10.5 

4.3 

1.0 

4.3 

-6.2 

Auq  22 

0800 

C 

-1.5 

2.0 

1  .0 

2.0 

+  0 . 5 

Rosa  acicularis 

-  Plot  10 

May  22 

0815 

C 

-15.0 

1  .9 

1  .0 

1.9 

-13.1 

May  26 

1115 

CL 

-7.5 

5.7 

0.5 

2.9 

-4.6 

May  30 

1230 

CL 

-14.0 

6.9 

0.5 

3.5 

-10.5 

June  3 

0810 

C 

-11.5 

1.9 

1  .0 

1  .9 

-9.6 

June  7 

1120 

C 

-11.0 

5.7 

1  .0 

5.7 

-5.3 

'  -s 
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Date 

T  ime 

A 

B 

c 

D 

E 

F 

June  1  1 

0815 

C 

-9.0 

1  .9 

1  .0 

1.9 

-7.  1 

June  15 

1310 

C 

-13.5 

7.2 

1  .0 

7.2 

-6.3 

June  19 

1100 

c 

-8.5 

5.4 

1  .0 

5.4 

-3.  1 

June  23 

1130 

c 

-8.0 

6.0 

1  .0 

6.0 

-2.0 

June  27 

1045 

CL 

-8.0 

5.  1 

0.5 

2.5 

-5.5 

July  1 

1050 

CL 

-2.5 

5.  1 

0.25 

1  .3 

-1.2 

July  5 

0640 

0 

-1.5 

+  0.5 

0.25 

+  0.  1 

-1  .6 

July  9 

1120 

C 

-8.5 

5.7 

1  .0 

5.7 

-2.8 

July  13 

1145 

PC 

-11.0 

6.3 

0.75 

4.7 

-6.3 

July  17 

1140 

C 

-10.0 

6.3 

1  .0 

6.3 

-3.7 

July  21 

0710 

0 

-3.5 

0.4 

0.25 

0.  1 

-3.4 

July  25 

0640 

H 

-2.0 

+  0.5 

0.75 

0.4 

-2.4 

July  29 

0940 

C 

-7.5 

3.7 

1  .0 

3.7 

-3.8 

Aug  2 

1015 

0 

-0.5 

4.4 

0.25 

1  .  1 

+  0.6 

Aug  6 

0750 

CL 

-7.5 

1  .2 

0.5 

0.6 

-6.9 

Aug  1  0 

1025 

0 

-9.0 

4.7 

0.25 

1  .2 

-7.8 

Aug  1 4 

0940 

0 

-7.5 

3.7 

0.25 

0.9 

-6.6 

Aug  1 8 

0930 

C 

-8.0 

3.3 

1  .0 

3.3 

-4.7 

Auq  22 

0740 

0 

-1.0 

1.2 

0.25 

0.3 

-0.7 

Rosa  acicu laris 

-  Plot  11 

June  1 1 

1300 

CL 

-13.5 

8.0 

0.5 

4.0 

-9.5 

June  15 

0905 

C 

-11.5 

5.0 

1  .0 

5.0 

-6.5 

June  19 

0755 

CL 

-7.5 

2.0 

0.5 

1  .0 

-6.5 

June  23 

0900 

PC 

-9.5 

5.0 

0.75 

3.8 

-5.7 

June  27 

1100 

CL 

-5.5 

11.0 

0.5 

5.5 

-0.0 

July  1 

0825 

0 

-3.0 

3.5 

0.25 

0.9 

-2.  1 

July  5 

0900 

0 

-2.0 

5.0 

0.25 

1  .3 

-0.7 

July  9 

1050 

C 

-9.0 

10.3 

1  .0 

10.3 

+  1  .3 

July  13 

0840 

C 

-9.5 

4.3 

1  .0 

4.3 

-5.2 

July  17 

0925 

C 

-11.5 

6.5 

1  .0 

6.5 

-5.0 

July  21 

0905 

CL 

-6.5 

5.0 

0.5 

2.5 

-4.0 

July  25 

0950 

C 

-7.5 

7.3 

1  .0 

7.3 

-0.2 

July  29 

0740 

C 

-5.5 

1.5 

1  .0 

1  . 5 

-4.0 

Aug  2 

0740 

0 

-1.5 

1.5 

0.25 

0.4 

-1.1 

Aug  6 

1125 

CL 

-13.0 

10.3 

0.5 

5.1 

-7.9 

Aug  10 

0740 

0 

-7.0 

1.5 

0.25 

0.4 

-6.4 

Aug  14 

0835 

0 

-8.0 

3.5 

0.25 

0.9 

-7.  1 

Aug  1 8 

0740 

c 

-5.5 

1.5 

1.0 

1.5 

-4.0 

Auq  22 

0935 

PC 

-7.0 

6.5 

0.75 

4.9 

-2.  1 

Rubus  pubescens 

-  Plot  3 

June  3 

0915 

C 

-12.5 

5.5 

1  .0 

5 . 5 

-7.0 

June  7 

1225 

C 

-13.0 

9.2 

1.0 

9.2 

-3.8 

June  1  1 

0940 

C 

-13.0 

6.7 

1.0 

6.7 

-6.3 

June  15 

1130 

c 

i 

CO 

O 

9.2 

1.0 

9.2 

+  0.2 

June  19 

1030 

c 

-12.5 

8.0 

1.0 

8.0 

-4.5 

June  23 

0705 

s 

i 

CD 

O 

0.05 

0.75 

0.0 

-9.0 

June  27 

1015 

CL 

-13.5 

7.6 

0.5 

3.8 

-9.7 

July  1 

0940 

0 

o 

CM 

l 

6.7 

0.25 

1.7 

-0.3 

■ 
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Date  Time 


July  5 

1045 

July  9 

0710 

July  13 

0945 

July  17 

1105 

July  21 

0850 

July  25 

0820 

July  29 

0915 

Aug  2 

0925 

Aug  6 

0940 

Aug  10 

0905 

Aug  1 4 

0915 

Aug  1 8 

0910 

Aug  22 

0815 

Rubus  pubescens 

May  26 

0915 

May  30 

0800 

June  3 

1130 

June  7 

0830 

June  1 1 

1130 

June  15 

0755 

June  19 

0710 

June  23 

0955 

June  27 

0715 

July  1 

0700 

July  5 

0755 

July  9 

0910 

July  13 

0810 

July  17 

0845 

July  21 

0940 

July  25 

1015 

July  29 

0750 

Aug  2 

0650 

Aug  6 

1210 

Aug  1  0 

0710 

Aug  1 4 

0750 

Aug  1 8 

0700 

Aug  22 

1000 

Rubus  pubescens 

May  26 

0955 

May  30 

0835 

June  3 

1305 

June  7 

0900 

June  1  1 

1205 

June  15 

0820 

June  19 

0645 

June  23 

0935 

June  27 

0750 

July  1 

0745 

A 

B 

C 

0 

-5.0 

8.3 

C 

-5.5 

0.5 

C 

-13.0 

6.7 

c 

-14.5 

8.7 

0 

-5.0 

4.3 

H 

-3.5 

2.9 

C 

-10.5 

5.6 

0 

-1.0 

6.  1 

CL 

-11.5 

6.7 

0 

-8.0 

5.6 

0 

-4.5 

5.6 

C 

-6.5 

5.6 

CL 

-2.5 

2.9 

Plot 

C 

5 

-6.5 

5.6 

C 

-9.0 

2.2 

C 

-14.5 

9.2 

C 

-13.5 

3.6 

C 

-13.5 

9.2 

C 

-13.0 

2.2 

CL 

-10.5 

0.6 

PC 

-12.0 

7.2 

CL 

-5.0 

0.6 

0 

-2.0 

0.0 

0 

-2.0 

2.2 

c 

-11.0 

5.6 

c 

-5.5 

2.9 

c 

-7.0 

4.3 

0 

-5.0 

6.7 

H 

-6.5 

7.6 

C 

-3.5 

+  0.6 

0 

-0.0 

+  0.6 

C 

-8.5 

9.5 

0 

-7.5 

0.6 

0 

-6.5 

1  .7 

c 

-9.5 

0.0 

PC 

-14.0 

7.2 

-  Plot  6 

C  -7.0 

7.2 

C 

-9.5 

3.6 

C 

-12.0 

9.7 

C 

-13.5 

5.0 

CL 

-13.0 

9.7 

C 

-12.5 

2.9 

CL 

-14.0 

+  0 . 6 

PC 

-15.5 

6.1 

CL 

-8.0 

1.7 

0 

-2.0 

1  .7 

D_ E 


0. 

25 

2.  1 

1  . 

0 

0.5 

1  . 

0 

6.7 

1  . 

0 

8.7 

0. 

25 

1  .  1 

0. 

75 

2.2 

1 . 

0 

5.6 

0. 

25 

1  .5 

0. 

5 

3.3 

0. 

25 

1  .3 

0. 

25 

1  .4 

1 . 

0 

5.6 

0. 

5 

1.5 

1 . 

0 

5.6 

1 . 

0 

2.2 

1 . 

0 

9.2 

1 . 

0 

3.6 

1 . 

0 

9.2 

1 . 

,0 

2.2 

0. 

,5 

0.3 

0. 

,75 

5.4 

0. 

,5 

0.3 

0, 

,25 

0.0 

0, 

,25 

0.6 

1 

.0 

5.6 

1 

.0 

2.9 

1 

.0 

4.3 

0 

.25 

1  .6 

0 

.75 

4.3 

1 

.0 

+  0.6 

0 

.25 

+  0.  1 

1 

.0 

9.5 

0 

.25 

0.  1 

0 

.25 

0.4 

1 

.0 

0.0 

0 

.75 

5.4 

1 

.0 

7.2 

1 

.0 

3.6 

1 

.0 

9.7 

1 

.0 

5.0 

0 

.5 

4.9 

1 

.0 

2.9 

0 

.5 

+  0.3 

0 

.75 

4.6 

0 

.5 

0.8 

0 

.25 

0.4 

F _ 

-2.9 

-5.0 
-6.3 
-5.8 
-3.9 
-1.3 
-4.9 
+  0.5 
-8.2 
-6.7 
-3.  1 
-0.9 
-1.0 

-0.9 
-6.8 
-5.3 
-9.9 
-4.3 
-10.8 
-10.2 
-6.6 
-4.7 
-2.0 
-1.4 
-5.4 
-2.6 
-2.7 
-3.4 
-2.2 
-4.  1 
+  0.  1 
+  1  .0 
-7.4 
-6.  1 
-9.5 
-8.6 

+  0.2 
-5.9 
-2.3 
-8.5 
-8.1 
-9.6 
-14.3 
-10.9 
-7.2 
-1.6 


' 
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Date 

T  i  me 

A 

B 

C 

D 

E 

F 

July  5 

0815 

0 

-2.0 

2.9 

0.25 

0.7 

-1.3 

July  9 

0940 

C 

-7.5 

6.7 

1  .0 

6.7 

-0.8 

July  13 

0745 

c 

-6.5 

1  .7 

1  .0 

1  .7 

-4.8 

July  17 

0810 

c 

-8.0 

2.9 

1  .0 

2.9 

-5.1 

July  21 

0925 

0 

-6.5 

6.  1 

0.25 

1  .5 

-5.0 

July  25 

1035 

H 

-16.5 

8.0 

0.75 

6.0 

-10.5 

July  29 

0710 

C 

-3.0 

0.6 

1  .0 

0.6 

-2.4 

Aug  2 

0705 

0 

-8.5 

0.0 

0.25 

0.0 

-8.5 

Aug  6 

1145 

CL 

-11.5 

9.5 

0.25 

2.4 

-9.  1 

Aug  1  0 

0940 

H 

-5.5 

+  0.6 

0.75 

+  0.4 

-5.9 

Aug  1 4 

0805 

0 

-4.8 

2.2 

0.25 

0.6 

-4.2 

Aug  1 8 

0710 

C 

-4.0 

0.6 

1  .0 

0.6 

-3.4 

Auq  22 

1015 

PC 

-8.5 

7.6 

0.75 

5.7 

-2.8 

Rubus  pubescens 
May  26  0740 

-  Plot 
C 

9 

-2.5 

1  .7 

1  .0 

1.7 

-0.8 

May  30 

1130 

C 

-14.0 

9.2 

1  .0 

9.2 

-4.8 

June  3 

0950 

C 

-13.0 

6.7 

1  .0 

6.7 

-6.3 

June  7 

1010 

CL 

-14.5 

7.6 

0.5 

3.8 

-10.7 

June  1  1 

0905 

C 

-13.0 

5.0 

1  .0 

5.0 

-8.0 

June  15 

1050 

C 

-12.0 

8.3 

1  .0 

8.3 

-3.7 

June  19 

1010 

r 

-15.5 

7.6 

1.0 

7.6 

-7.9 

June  23 

0720 

S 

-11.0 

0.6 

0.75 

0.4 

-10.6 

June  27 

0935 

CL 

-13.5 

6.  1 

0.5 

3.  1 

-10.4 

July  1 

1000 

0 

-4.0 

7.2 

0.25 

1  .8 

-2.2 

July  5 

1035 

0 

-2.5 

8.0 

0.25 

2.0 

-0.5 

July  9 

0630 

C 

-4.5 

+  1  .  1 

1  .0 

+  1.1 

-5.4 

July  13 

0915 

c 

-15.0 

5.6 

1  .0 

5 . 6 

-9 . 4 

July  17 

1035 

c 

-13.0 

8.0 

1  .0 

8.0 

-5.0 

July  21 

0825 

0 

-13.5 

3.6 

0.25 

0.9 

-12.6 

July  25 

0750 

H 

-4.0 

1.7 

0.75 

1  . 2 

-2.8 

July  29 

0945 

C 

-8.0 

4.3 

1  .0 

4.3 

-3.7 

Aug  2 

0905 

0 

-2.5 

5.0 

0.25 

1  .  3 

-1.2 

Aug  6 

0900 

0 

-16.5 

5.0 

0.25 

1  .3 

-15.2 

Aug  10 

0850 

0 

-10.0 

4.3 

0.25 

1  .8 

-8.2 

Aug  14 

0900 

0 

-1.5 

5.0 

0.25 

1  .3 

-9.2 

Aug  1 8 

0850 

C 

-7.0 

4.3 

1  .0 

4.3 

-2 . 7 

Auq  22 

0800 

C 

-1.5 

2.2 

1.0 

2.2 

+  0.7 

Rubus  pubescens 
June  19  1100 

-  Plot  10 

C  -12,5 

8.7 

1  .0 

8.7 

-3.8 

June  23 

1130 

C 

-13.0 

9.2 

1  .0 

9.2 

-3.8 

June  27 

1045 

CL 

-14.0 

8.3 

0.5 

4.2 

-9.8 

July  1 

1050 

0 

-4.0 

8.3 

0.25 

2.  1 

-1.9 

July  5 

0640 

0 

-1.5 

+  0.6 

0.25 

+  0.  1 

-1.6 

July  9 

1120 

C 

-12.5 

9.0 

1  .0 

9.0 

-3.5 

July  13 

1145 

PC 

-13.0 

9.5 

0.75 

7  .  1 

-5.9 

July  17 

1140 

C 

-8.0 

9.5 

1  .0 

9 . 5 

+  1.5 

July  21 

0710 

Q 

-4.5 

0.6 

0.25 

0.  1 

-4.4 

July  25 

0640 

H 

-2.0 

+  0.6 

0.75 

+  0.4 

-2.4 

' 

Y 
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Date 

T  i  me 

A 

B 

July  29 

0940 

C 

-9.0 

Aug  2 

1015 

0 

-1.5 

Aug  6 

0750 

CL 

-5.5 

Aug  1  0 

1050 

0 

-9.0 

Aug  14 

0940 

0 

-5.0 

Aug  18 

0930 

C 

-10.5 

Aug  22 

0740 

0 

-0.5 

Rubus  pubescens 

-  Plot 

1 1 

June  1 1 

1300 

CL 

-12.0 

June  15 

0905 

C 

-8.5 

June  19 

0755 

CL 

-6.5 

June  23 

0900 

PC 

-13.0 

June  27 

1100 

CL 

-4.5 

July  1 

0825 

0 

-4.0 

July  5 

0900 

0 

-2.0 

July  9 

1050 

C 

-10.5 

July  13 

0840 

C 

-7.5 

July  17 

0925 

C 

-7.0 

July  21 

0905 

PC 

-4.0 

July  25 

0950 

c 

-5.5 

July  29 

0740 

r 

V 

-4.0 

Aug  2 

0740 

0 

-2.5 

Aug  6 

1125 

CL 

-9.5 

Aug  1 0 

0740 

0 

-5.0 

Aug  1 4 

0835 

0 

-5.5 

Aug  1 8 

0740 

c 

-10.5 

Aug  22 

0935 

PC 

-12.5 

Vaccinium 

myrtilloides  -  Pic 

June  1 1 

0720 

c 

-14.0 

June  15 

1200 

c 

-19.0 

June  19 

0920 

s 

-22.5 

June  23 

1205 

PC 

-23.0 

June  27 

1200 

CL 

-12.0 

July  1 

1200 

PC 

-14.5 

July  5 

1125 

CL 

-5.0 

July  9 

1230 

C 

-10.0 

July  13 

1045 

c 

-16.5 

July  17 

1245 

PC 

-13.0 

July  21 

0645 

0 

-3.5 

July  25 

1205 

H 

-9.5 

July  29 

1020 

C 

-16.0 

Aug  2 

0955 

0 

-3.0 

Aug  6 

0720 

CL 

-6.0 

Aug  1 0 

1005 

0 

-8.5 

Aug  1  0 

1005 

0 

-8.5 

Aug  1 4 

1020 

0 

-9.5 

Aug  1 8 

1030 

C 

-10.0 

Aug  22 

0700 

CL 

-2.0 

C 

D 

E 

F 

6.7 

1.0 

6.7 

-2.3 

7.6 

0.25 

1  .9 

+  0.4 

1  .7 

0.5 

0.8 

-4.7 

8.0 

0.25 

2.0 

-7.0 

6.7 

0.25 

1  .7 

-3.3 

6.1 

1.0 

6.  1 

-4.4 

1  .7 

0.25 

0.4 

-0.  1 

8.7 

0.5 

4.4 

-7.6 

5.0 

1  .0 

5.0 

-3.5 

2.2 

0.5 

1.1 

-5.4 

5.0 

0.75 

3.8 

-9.2 

8.7 

0.5 

4.4 

-0.  1 

3.6 

0.25 

0.9 

-3.  1 

5.0 

0.25 

1.3 

-0.7 

8.3 

1  .0 

8.3 

-2.2 

4.3 

1.0 

4.3 

-3.2 

6.  1 

1.0 

6.  1 

-0.9 

5.0 

0.5 

2.5 

-1.5 

6.7 

1  .0 

6.7 

+  1.2 

1  .7 

1.0 

1  .7 

-2.3 

1  .7 

0.25 

0.4 

-2.  1 

9.2 

0.5 

4.6 

-4.9 

1  .7 

0.25 

0.4 

-4.6 

3.6 

0.25 

0.9 

-4.6 

1  .7 

1.0 

1  .7 

-8.8 

6.  1 

4 

0.75 

9.4 

-3.1 

0.4 

1.0 

0.4 

-13.6 

12.0 

1  .0 

12.0 

§ 

o 

5.9 

0.75 

4.5 

-18.8 

12.0 

0.75 

9.0 

-14.0 

12.0 

0.25 

3.0 

-9.0 

12.0 

0.75 

9.0 

-5.5 

16.6 

0.5 

8.3 

+  3.3 

10.5 

1.0 

10.3 

+  0.3 

12.5 

1  .0 

12.5 

-4.0 

9.4 

0.75 

7.0 

-6.0 

+  0.4 

0.25 

+  0.  1 

-3.6 

12.0 

0.75 

9.0 

-0.5 

11.0 

1  .0 

11.0 

-5.0 

10.3 

0.25 

2.6 

-0.4 

0.4 

0.5 

0.2 

-5.8 

10.3 

0.25 

2.6 

-5.9 

10.3 

0.25 

2.6 

-5.9 

11.0 

0.25 

2.8 

-6.7 

11.8 

1.0 

11.8 

+  1.8 

0.0 

0.5 

o 

o 

-2.0 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

Vacci n ium  myrt i 1 1 oides  -  Plot 

2 

June  3 

0825 

C 

-9.0 

3.1 

1.0 

3.  1 

-5.9 

June  7 

1125 

c 

-21  .0 

122. 

1  .0 

12.0 

-9.0 

June  1 1 

0750 

c 

-18.0 

1.3 

1  .0 

1.3 

-16.7 

June  15 

1235 

c 

-22.0 

10.3 

1  .0 

10.3 

-11.7 

June  19 

1150 

s 

-26.0 

12.3 

0.75 

9.2 

-16.8 

June  23 

1110 

c 

-26.0 

12.9 

1  .0 

12.9 

-13.1 

June  27 

1130 

CL 

-16.5 

12.6 

0.5 

6.3 

-10.2 

July  1 

1120 

0 

-6.5 

12.9 

0.25 

3.2 

-3.3 

July  5 

0710 

0 

-2.0 

0.4 

0.25 

0.  1 

-1.9 

July  9 

1210 

C 

-14.5 

11.1 

1  .0 

11.1 

-3.4 

July  13 

1110 

c 

-20.0 

12.9 

1  .0 

12.9 

-7  .  1 

July  17 

1220 

PC 

-13.0 

11.1 

0.75 

8.3 

-4.7 

July  21 

0750 

0 

-4.0 

1.3 

0.25 

0.3 

-3.7 

July  25 

0720 

H 

-2.5 

0.4 

0.75 

0.3 

-2.2 

July  29 

1000 

C 

-21  .0 

10.3 

1.0 

10.3 

-10.7 

Aug  2 

1040 

0 

-2.5 

12.5 

0.25 

3.1 

+  0.6 

Aug  6 

0830 

CL 

-10.0 

3.1 

0.25 

0.8 

-9.2 

Aug  1  0 

1050 

0 

-13.0 

12.5 

0.25 

3.1 

-9.9 

Aug  14 

1000 

0 

-6.5 

10.3 

0.25 

2.6 

-3.9 

Aug  1 8 

1000 

r 

w 

-18.5 

10.3 

1  .0 

10.3 

-8.2 

Auq  22 

0720 

CL 

-4.5 

0.4 

0.5 

0.2 

-4.3 

Vacc in ium  myrt il 1 oides  -  Plot 

3 

June  3 

0915 

C 

-14.0 

5.9 

1  .0 

5.9 

-8.  1 

June  7 

1225 

C 

-15.0 

10.3 

1.0 

10.3 

-4.7 

June  1  1 

0940 

C 

-15.0 

8.8 

1  .0 

8.8 

-6.2 

June  15 

1130 

C 

-18.5 

12.6 

1.0 

12.6 

-5.9 

June  19 

1030 

C 

-13.0 

11.8 

1.0 

11.8 

-1.2 

June  23 

0805 

S 

-7.5 

0.0 

0.75 

0.0 

-7.5 

June  27 

1015 

CL 

-19.0 

11.0 

0.5 

5 . 5 

- 1  3 . 5 

July  1 

0940 

0 

-2.5 

8.8 

0.25 

2.2 

-0.3 

July  5 

1045 

0 

-6.0 

12.5 

0.25 

3.1 

-2.9 

July  9 

0710 

C 

-4.0 

0.4 

1  .0 

0.4 

-3.6 

July  13 

0945 

C 

-15.5 

8.8 

1.0 

8.8 

-6.7 

July  17 

1105 

C 

-14.0 

13.3 

1.0 

13.3 

-0 . 7 

July  21 

0850 

0 

-4.5 

3.8 

0.25 

1  .0 

-3.5 

July  25 

0820 

H 

-6.0 

2.4 

0.75 

1  .8 

-4.2 

July  29 

0915 

C 

-6.5 

5.9 

1  .0 

5 . 9 

-0.6 

Aug  2 

0925 

0 

-0.5 

7.4 

0.25 

1  .8 

+  1.3 

Aug  6 

0940 

CL 

-7.0 

8.8 

0.5 

4.4 

-2.6 

Aug  1  0 

0905 

0 

-8.0 

4.5 

0.25 

1  .  1 

-6.9 

Aug  1 4 

0915 

0 

-7.5 

5.9 

0.25 

1  .5 

-7 . 0 

Aug  1 8 

0910 

c 

-9.0 

5.9 

1  .0 

5 . 9 

-3.  1 

Auq  22 

0815 

CL 

-1.0 

2.4 

0.5 

1  .2 

+  0.2 

Vacci n ium  myrt i 1 1 oides  -  Plot 

9 

May  26 

0740 

C 

-4.0 

1  ,3 

1  .0 

1  .3 

-2 . 7 

May  30 

1130 

C 

-16.0 

12.6 

1  .0 

12.6 

-3.4 

June  3 

0950 

c 

-21  .5 

8.8 

1  .0 

8.8 

-2.7 

APPENDIX  II.  Continued. 
Date_ Time  A  B 


June  7 

1010 

CL 

-20.0 

dune  1 1 

0905 

C 

-19.0 

dune  15 

1050 

C 

-21.5 

dune  19 

1010 

C 

-12.5 

dune  23 

0720 

S 

-20.5 

dune  27 

0935 

CL 

-16.5 

duly  1 

1000 

0 

-4.0 

duly  5 

1035 

0 

-2.0 

duly  9 

0630 

C 

-3.5 

duly  13 

0915 

C 

-18.0 

duly  17 

1035 

C 

-18.5 

duly  21 

0825 

0 

-6.5 

duly  24 

0750 

H 

-4.0 

duly  29 

0845 

C 

-14.0 

Aug  2 

0905 

0 

-2.5 

Aug  6 

0900 

0 

-11.5 

Aug  1  0 

0850 

0 

-10.5 

Aug  1 4 

0900 

0 

-6.0 

Aug  1 8 

0850 

c 

-9.0 

Aug  22 

0800 

c 

-1.5 

Vacc i n ium  myrt i 1 lo ides  -  Plot 


May  26 

1115 

CL 

-15.0 

May  30 

1230 

CL 

-20.0 

dune  3 

0810 

C 

-11.5 

dune  7 

1120 

C 

-22.0 

dune  1 1 

0815 

C 

-16.5 

dune  15 

1310 

C 

-17.5 

dune  19 

1100 

C 

-11.0 

dune  23 

1130 

C 

-15.0 

dune  27 

1045 

CL 

-16.5 

duly  1 

1050 

CL 

-5.0 

duly  5 

0640 

0 

-2.0 

duly  9 

1120 

C 

-11.5 

duly  13 

1145 

PC 

-14.5 

duly  17 

1140 

c 

-14.0 

duly  21 

0710 

0 

-4.0 

duly  25 

0640 

H 

-2.0 

duly  29 

0940 

C 

-10.0 

Aug  2 

1015 

0 

o 

CM 

1 

Aug  6 

0750 

CL 

-11.5 

Aug  1  0 

1025 

0 

-5.0 

Aug  1 4 

0940 

0 

-5.0 

Aug  1 8 

0930 

C 

-14.5 

Aug  22 

0740 

0 

o 

oo 

1 

Vacc in ium 

vit is- 

/  daea 

-  Plot 

May  1 0 

1045 

C 

-16.0 

May  1 4 

1500 

C 

-8.0 

May  18 

1105 

C 

-7.0 

C 

D 

E 

F 

11.0 

0.5 

5.5 

-14.5 

4.5 

1  .0 

4.5 

-14.5 

12.5 

1  .0 

12.5 

-9.0 

11.0 

1.0 

11.0 

-1.5 

0.4 

0.75 

0.3 

-20.2 

7.4 

0.5 

3.7 

-12.8 

10.3 

0.25 

2.6 

-1.4 

11.8 

0.25 

2.9 

+  0.9 

+  0.9 

1  .0 

+  0.9 

+4.4 

5.9 

1  .0 

5.9 

-12.1 

11.8 

1  .0 

11.8 

-6.7 

3.  1 

0.25 

0.8 

-5.7 

1.3 

0.75 

1.0 

-3.0 

3.8 

1  .0 

3.8 

-10.2 

4.5 

0.25 

1  .  1 

-1.4 

4.5 

0.25 

1  .  1 

-10.4 

3.8 

0.25 

1  .0 

-9.5 

4.5 

0.25 

1  .  1 

-4.9 

3.8 

1  .0 

3.8 

-5.2 

1  .7 

1.0 

1.7 

+  0.2 

10 

12.9 

0.5 

6.5 

-8.5 

10.3 

0.5 

5.1 

-14.9 

2.4 

1.0 

2.4 

-9.1 

12.9 

1  .0 

12.9 

-9.  1 

2.4 

1  .0 

2.4 

-14.1 

8.1 

1.0 

8.1 

-9.4 

13.3 

1  .0 

13.3 

+  2.3 

12.6 

1.0 

12.6 

-2.4 

12.5 

0.5 

6.3 

-10.2 

12.5 

0.25 

3.1 

-1.9 

+  0.6 

0.25 

0.2 

-2.2 

12.9 

1  .0 

12.9 

+  1.4 

12.3 

0.75 

9.2 

-5.3 

12.3 

1.0 

12.3 

-1.7 

0.4 

0.25 

0.1 

-3.9 

+  0.6 

0.75 

+  0.5 

-2.5 

8.8 

1  .0 

8.8 

-1.2 

11.0 

0.25 

2.8 

+  0.8 

1.3 

0.5 

0.6 

-10.9 

11.8 

0.25 

2.9 

-2.  1 

8.8 

0.25 

2.2 

-2.8 

7.4 

1  .0 

7.4 

-7.  1 

1  .3 

1 

9.8 

0.25 

0.3 

-2.7 

1  .0 

9.8 

-6.2 

5.2 

1  .0 

5.2 

-2.8 

10.4 

1.0 

10.4 

+  3.4 

N 

APPENDIX  II.  Continued. 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

May  22 

0745 

C 

-10.5 

1  .7 

1  .0 

1  .7 

-8.8 

May  26 

1210 

CL 

-13.0 

10.  1 

0.5 

5.1 

-7.9 

May  30 

1330 

CL 

-13.5 

7.8 

0.5 

3.9 

-6.9 

June  3 

0735 

C 

-13.5 

1  .2 

1  .0 

1  .2 

-12.3 

June  7 

1100 

C 

-18.5 

10.4 

1  .0 

10.4 

-8.  1 

June  1 1 

0720 

C 

-8.0 

0.6 

1  .0 

CD 

O 

-7.4 

June  15 

1200 

C 

-17.5 

10.6 

1  .0 

10.6 

-6.9 

June  19 

0920 

S 

-20.0 

5.6 

0.75 

4.2 

-15.8 

June  23 

1205 

PC 

-21.5 

10.6 

0.75 

8.0 

-13.6 

June  27 

1200 

CL 

-16.0 

10.6 

0.25 

2.7 

-13.4 

July  1 

1200 

PC 

-6.5 

10.6 

0.75 

8.0 

+  1.5 

July  5 

1125 

CL 

-8.0 

10.5 

0.5 

5.3 

-2.7 

July  9 

1230 

C 

-12.0 

9.7 

1.0 

9.7 

-2.3 

July  13 

1045 

C 

-24.5 

9.8 

1  .0 

9.8 

-14.7 

July  17 

1245 

PC 

-14.5 

9.2 

0.75 

6.9 

-7.6 

July  21 

0645 

0 

-3.5 

+  0.6 

0.25 

+  0.2 

-3.7 

July  25 

1205 

H 

-8.5 

10.6 

0.75 

8.0 

-0.5 

July  29 

1020 

C 

-10.0 

8.5 

1.0 

8.5 

-1.5 

Aug  2 

0955 

0 

-4.0 

7.8 

0.25 

2.0 

-2.0 

Aug  6 

0720 

CL 

-3.0 

0.6 

0.5 

0.3 

-2.7 

Aug  1  0 

1005 

0 

-4.5 

7.8 

0.25 

2.0 

-2.5 

Aug  1 4 

1020 

0 

-7.0 

8.5 

0.25 

2.  1 

-4.9 

Aug  1 8 

1030 

C 

-11.0 

9.1 

1  .0 

9.  1 

-1.9 

Aug  22 

0700 

CL 

o 

oo 

1 

0.0 

0.5 

0.0 

-3.0 

Vacc i n i um 

vit  is- 

idaea 

-  Plot 

2 

May  1  0 

1025 

C 

-17.0 

9.1 

1  .0 

9.  1 

-7.9 

May  1 4 

1430 

c 

-13.0 

6.0 

1  .0 

6.0 

-7.0 

May  18 

1045 

c 

-11.0 

9.8 

1  .0 

9.8 

-1.2 

May  22 

0845 

c 

-5.0 

4.2 

1  .0 

4.2 

-0.8 

May  26 

1150 

CL 

-9.5 

10.6 

0 . 5 

5.3 

-4.2 

May  30 

1255 

CL 

-22.0 

8.7 

0.5 

4.4 

-17.6 

June  3 

0825 

C 

-23.0 

3.6 

1  .0 

3.5 

-19.4 

June  7 

1155 

C 

-21  .0 

10.6 

1  .0 

10.6 

-10.4 

June  1  1 

0750 

C 

-18.5 

1  .7 

1  .0 

1.7 

-16.8 

June  15 

1235 

C 

-24.0 

9.7 

1  .0 

9.7 

-14.3 

June  19 

1150 

S 

-32.0 

10.6 

0.75 

7.9 

-24.  1 

June  23 

1110 

C 

-23.5 

10.5 

1.0 

10.5 

-13.0 

June  27 

1130 

CL 

-21.0 

10.5 

0.5 

5.3 

-15.7 

July  1 

1120 

0 

-5.5 

10.5 

0.25 

2.6 

-2.9 

July  5 

0710 

0 

-2.0 

0.6 

0.25 

0.1 

-1.9 

July  9 

1210 

C 

-16.5 

10.1 

1.0 

10.  1 

-6.4 

July  13 

1110 

C 

-11.0 

10.5 

1.0 

10.5 

-0.5 

July  17 

1220 

PC 

-19.0 

10.  1 

0.75 

7.6 

-11.4 

July  21 

0750 

0 

-6.0 

1.7 

0.25 

0.4 

-5.6 

July  25 

0720 

H 

-3.0 

0.6 

0.75 

0.4 

-2.6 

July  29 

1000 

C 

-14.0 

7.8 

1.0 

7.8 

-6.2 

Aug  2 

1040 

0 

-3.5 

9.8 

0.25 

2.4 

-1.1 

Aug  6 

0830 

CL 

-8.5 

3.6 

0.25 

0.9 

-7.6 

Aug  1  0 

1050 

0  . 

-4.5 

9.8 

0.25 

2.4 

-2.  1 

. 

' 


APPENDIX  II.  Continued. 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

Aug  14 

1000 

0 

-4.5 

7.8 

0.25 

2.0 

-2.5 

Aug  1 8 

1000 

C 

-7.0 

7.8 

1  .0 

7.8 

+  0.8 

Aug  22 
Vaccin ium 

0820 
vit is- 

CL 

idaea 

-3.5 
-  Plot 

0.6 

3 

0.5 

0.3 

-3.2 

May  1 4 

1300 

C 

-5.5 

8.7 

1  .0 

8.7 

+  3.2 

May  18 

0935 

PC 

-9.0 

6.3 

0.75 

4.7 

-4.3 

May  22 

1220 

C 

-13.0 

10.1 

1  .0 

10.  1 

-2.9 

May  26 

0715 

C 

-1.0 

0.6 

1  .0 

0.6 

-0.4 

May  30 

1035 

C 

-14.0 

9.  1 

1  .0 

9.  1 

-4.9 

June  3 

0915 

C 

-11.0 

5.6 

1  .0 

5 . 6 

-5.4 

June  7 

1225 

C 

-20.5 

9.7 

1  .0 

9.7 

-10.8 

June  1 1 

0940 

C 

-16.5 

7.  1 

1  .0 

7.  1 

-9.5 

June  15 

1130 

C 

-20.5 

10.5 

1  .0 

10.5 

-10.0 

June  19 

1030 

C 

-16.5 

9.1 

1  .0 

9.  1 

-7.4 

June  23 

0705 

S 

-4.5 

0.0 

0.75 

0.0 

-4.5 

June  27 

1015 

CL 

-7.5 

8.5 

0.5 

4.2 

-3.3 

July  1 

0940 

0 

-2.5 

7.  1 

0.25 

1.8 

-0.7 

July  5 

1045 

0 

-5.0 

9.8 

0.25 

2.4 

-2.6 

July  9 

0710 

C 

-3.5 

0.6 

1  .0 

0.6 

-2 . 9 

July  13 

0945 

C 

-6.5 

7.  1 

1  .0 

7  .  1 

+  0 . 5 

July  17 

1105 

C 

-9.5 

10.4 

1  .0 

10.4 

+  0 . 9 

July  21 

0850 

0 

-3.0 

4.1 

0.25 

1  .  0 

-2 . 0 

July  25 

0820 

H 

-4.5 

2.9 

0.75 

2.2 

-2 . 3 

July  29 

0915 

C 

-4.0 

5.6 

1  .0 

5 . 6 

+  1.6 

Aug  2 

0925 

0 

-2.0 

6.3 

0.25 

1  . 6 

-0 . 4 

Aug  6 

0940 

CL 

-6.5 

7.  1 

0.5 

3 . 5 

-3 . 0 

Aug  1  0 

0905 

0 

-7.0 

4.8 

0.25 

1  .2 

-5.8 

Aug  1 4 

0915 

0 

-3.0 

5.6 

0.25 

1  . 4 

-1.6 

Aug  1 8 

0910 

C 

-4.0 

5.6 

1  .0 

5 . 6 

+  1.6 

Aug  22 
Vaccin ium 

0815 
v/  it  is- 

CL 

- idaea 

-1.5 
-  Plot 

2.9 

8 

0.5 

1  . 5 

-0.0 

May  1 4 

1225 

C 

-10.0 

9.7 

1  .0 

9.7 

“0.3 

May  18 

0905 

C 

-4.0 

4.8 

1  .0 

4.8 

+  0.8 

May  22 

1125 

C 

-16.5 

10.5 

1  .0 

10.5 

-6.0 

May  26 

0835 

C 

-1.0 

3.6 

1  .0 

3.6 

+  2.6 

May  30 

1015 

C 

-20.0 

8.5 

1  .0 

8 . 5 

-11.5 

June  3 

1320 

C 

-8.5 

7.9 

1  .0 

7.9 

-0.6 

June  7 

0655 

C 

-13.0 

0.0 

1  .0 

0.0 

i 

CO 

1  ■ 
c 

June  1  1 

1005 

C 

-10.5 

7.8 

1  .0 

7.8 

-2.7 

June  15 

1015 

C 

-14.5 

8.5 

1.0 

8 . 5 

-6.0 

June  19 

0855 

S 

-17.0 

4.8 

0.75 

3.6 

-13.4 

June  23 

0800 

S 

-5.5 

2.3 

0.75 

1  .7 

-3.8 

June  27 

0905 

CL 

-9.5 

4.8 

0.5 

2.4 

-7 .  1 

July  1 

1300 

CL 

-3.5 

8.7 

0.5 

4.4 

+  0.9 

July  5 

0955 

0 

-1.5 

7.8 

0.25 

2.0 

+  0 . 5 

July  9 

0745 

C 

-2.5 

1.7 

1  .0 

1  .  7 

-0 . 8 

July  13 

0645 

C 

-3.0 

+  0.6 

1  .0 

i  + 

o 
\  • 
CD 

-3.6 

July  17 

1000 

C 

-6.5 

7.8 

1  .0 

7.8 

+  1.3 

• 

.  •  •* 
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APPENDIX  II.  Continued. 


Date 

T  i  me 

A 

B 

C 

D 

E 

F 

July  21 

1100 

0 

-4.5 

10.4 

0.25 

2.6 

-1.9 

July  25 

1145 

H 

-13.0 

10.6 

0.75 

7.9 

-5.  1 

July  29 

0825 

C 

-3.0 

3.6 

1  .0 

3.6 

+  0.6 

Aug  2 

0845 

0 

-2.0 

4.2 

0.25 

1  .0 

-1.0 

Aug  6 

1000 

0 

-10.0 

7.8 

0.25 

2.0 

-8.0 

Aug  1  0 

0830 

0 

-4.5 

3.6 

0.25 

0.9 

-3.6 

Aug  14 

0700 

0 

-4.0 

0.0 

0.25 

0.0 

-4.0 

Aug  1 8 

0830 

c 

-4.0 

3.6 

1  .0 

3.6 

-0.4 

Aug  22 
Vaccin ium 

0840 
v/  it  is- 

CL 

idaea 

-2.5 
-  Plot 

4.2 

9 

0.5 

2.  1 

-0.4 

May  18 

0950 

C 

-8.5 

7.  1 

1  .0 

7.  1 

-1.5 

May  22 

1240 

PC 

-23.0 

9.2 

0.75 

6.9 

-16.1 

May  26 

0740 

C 

-3.5 

1.7 

1  .0 

1  .7 

-1.8 

May  30 

- 

- 

- 

- 

- 

- 

— 

June  3 

0950 

C 

-30.5 

7.  1 

1  .0 

7  .  1 

-23.5 

June  7 

1300 

CL 

-32.0 

8.7 

0.5 

4.4 

-27.6 

June  1 1 

0905 

C 

-11.5 

4.8 

1  .0 

4.8 

-6.7 

June  15 

1050 

C 

-21.5 

9.8 

1  .0 

9.8 

-11.7 

June  19 

1010 

C 

-24.5 

8.5 

1  .0 

8.5 

-16.0 

June  23 

0720 

S 

-20.0 

0.6 

0.75 

0.4 

-19.6 

June  27 

0935 

CL 

-19.5 

6.3 

0.5 

3.  15 

-16.3 

July  1 

1000 

0 

-3.5 

7.8 

0.25 

2.0 

-1.5 

July  5 

1035 

0 

-1.5 

9.1 

0.25 

2.3 

-0.8 

July  9 

0630 

C 

-3.0 

1  .  1 

1  .0 

+  1.1 

-4.  1 

July  13 

0915 

C 

-18.0 

5.6 

1  .0 

5.6 

-12.4 

July  17 

1035 

C 

-20.5 

9.1 

1  .0 

9.  1 

-11.4 

July  21 

0825 

0 

-3.5 

3.6 

0.25 

0.9 

-2.6 

July  25 

0750 

H 

-2.5 

1,7 

0.75 

1  .3 

-1.2 

July  29 

0845 

C 

-7.0 

4.2 

1.0 

4.2 

-2.8 

Aug  2 

0905 

0 

-2.0 

4.8 

0.25 

1  .2 

-0.8 

Aug  6 

0900 

CL 

-5.0 

4.8 

0.5 

2.4 

-2.6 

Aug  1  0 

0850 

0 

-8.5 

4.2 

0.25 

1  .0 

-7.5 

Aug  1 4 

0900 

0 

-5.0 

4.8 

0.25 

1  .2 

-3.8 

Aug  18 

0850 

C 

-3.5 

4.2 

1  .0 

4.2 

+  0.7 

Aug  22 
Vaccin ium 

0800 
v  it  is- 

C 

■  idaea 

-2.0 
-  Plot 

2.3 

10 

1  .0 

2.3 

+  0.3 

May  1 4 

1400 

C 

-6.5 

6.9 

1  .0 

6.9 

+  0.4 

May  18 

1020 

C 

-7.5 

8.5 

1  .0 

8.5 

+  1.0 

May  22 

0815 

C 

-20.5 

2.9 

1  .0 

2.9 

-17.6 

May  26 

1115 

CL 

-7.5 

10.5 

0.5 

5.2 

-2.3 

May  30 

1230 

CL 

-13.5 

9.7 

0.5 

4.8 

-8.7 

June  3 

0810 

C 

-11.5 

2.9 

1  .0 

2.9 

-8.6 

June  7 

1120 

C 

-16.0 

10.5 

1.0 

10.5 

-5.5 

June  1 1 

0815 

C 

-13.5 

2.9 

1.0 

2.9 

-10.6 

June  15 

1310 

C 

-24.5 

8.5 

1.0 

8.5 

-16.0 

June  19 

1100 

C 

-17.0 

10.4 

1.0 

10.4 

-6.6 

June  23 

1130 

C 

-16.5 

10.5 

1.0 

10.5 

-6.0 

June  27 

1045 

CL 

-10.0 

00 

CD 

0.5 

4.9 

-5.1 

- 

'  V  -  .  Ja>i 


APPENDIX  II.  Continued. 


Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  1 

1050 

0 

-2.0 

9.8 

0.25 

2.4 

+  0.4 

July  5 

0640 

0 

-2.0 

+  0.8 

0.25 

+  0.2 

-2.2 

July  9 

1120 

C 

-6.0 

10.5 

1  .0 

10.5 

+4.5 

July  13 

1145 

PC 

-10.5 

10.6 

0.75 

7.9 

-2.6 

July  17 

1  140 

c 

-9.0 

10.6 

1  .0 

10.6 

+  1  .6 

July  21 

0710 

0 

-3.5 

0.6 

0.25 

0.  1 

-3.4 

July  25 

0640 

H 

-2.0 

+  0.8 

0.75 

+  0.6 

-2.6 

July  29 

0940 

C 

-9.0 

7.  1 

1  .0 

7.  1 

-2.0 

Aug  2 

1015 

0 

-1.0 

8.5 

0.25 

2.  1 

+  1  .  1 

Aug  6 

0750 

CL 

-4.5 

1.7 

0.5 

0.9 

-3.6 

Aug  1  0 

1025 

0 

-7.0 

9.  1 

0.25 

2.3 

-4.7 

Aug  14 

0940 

0 

-9.0 

7.  1 

0.25 

1.8 

-7.2 

Aug  1 8 

0930 

C 

-12.0 

6.3 

1  .0 

6.3 

-5.7 

Aug  22 

V i bur num 

0740 

edule 

0 

-  Plot 

-3.0 

4 

1  .7 

0.25 

0.4 

-2.6 

June  3 

1040 

C 

-9.0 

7.3 

1  .0 

7.3 

-1.7 

June  7 

0730 

C 

-4.5 

0.25 

1  .0 

0.25 

-4.2 

June  1 1 

1030 

C 

-10.5 

6.5 

1  .0 

6.5 

-4.0 

June  15 

0945 

C 

-11.0 

4.6 

1  .0 

4.6 

-6.4 

June  19 

0830 

s 

-9.0 

1  .9 

0.75 

1  .4 

-7.6 

June  23 

0825 

PC 

-7.5 

1.9 

0.75 

1  .4 

-6.  1 

June  27 

0830 

CL 

-6.0 

1  .9 

0.5 

0.9 

-5.  1 

July  1 

0855 

0 

-6.5 

3.3 

0.25 

0.8 

-5.7 

July  5 

0920 

0 

-2.0 

3.7 

0.25 

0.9 

-1.1 

July  9 

0815 

C 

-4.5 

1.2 

1  .0 

1  .2 

-3.3 

July  13 

0715 

C 

-4.5 

0.  1 

1  .0 

0.  1 

-4.4 

July  17 

0720 

F 

-3.5 

0.  1 

0.75 

0.  1 

-3.4 

July  21 

1030 

0 

-8.5 

6.5 

0.25 

1  .6 

-6.9 

July  25 

0900 

H 

-3.0 

3.3 

0.75 

2.4 

-0.6 

July  29 

0800 

C 

-4.0 

0.5 

1  .0 

0.5 

-3.5 

Aug  2 

0820 

0 

-2.5 

1  .2 

0.25 

0.3 

-2.2 

Aug  6 

1030 

0 

-8.0 

6.5 

0.25 

1  .6 

-6.4 

Aug  10 

0805 

0 

-8.5 

0.5- 

0.25 

0.1 

-8.4 

Aug  14 

0720 

0 

-5.5 

0.  1 

0.25 

0.0 

-5.5 

Aug  1 8 

0805 

C 

-4.0 

0.5 

1  .0 

0.5 

-3.5 

Aug  22 

V i bur num 

0905 

edule 

PC 

-  Plot 

-4.5 

5 

3.3 

0.75 

2.4 

-2.  1 

May  22 

0930 

C 

-7.5 

10.3 

1  .0 

10.3 

+  2.8 

May  26 

0915 

C 

-7.0 

10.6 

1  .0 

10.6 

+  3.6 

May  30 

0800 

c 

-5.5 

1  .0 

1  .0 

1  .0 

-4.6 

June  3 

1130 

c 

-14.0 

10.0 

1  .0 

10.0 

-4.0 

June  7 

0830 

c 

-6.5 

o 

CD 

1  .0 

6.0 

-0.5 

June  1  1 

1130 

c 

12.5 

10.0 

1.0 

10.0 

-2.5 

June  15 

0755 

c 

-6.5 

1.0 

1  .0 

1  .0 

-5.5 

June  19 

0710 

CL 

-3.5 

0.3 

0.5 

0.1 

-3.4 

June  23 

0955 

PC 

-14.5 

9.5 

0.75 

7.  1 

-7.4 

June  27 

0715 

CL 

-5.0 

0.25 

0.5 

0.1 

-4.9 

July  1 

0700 

0 

-3.5 

0.0 

0.25 

0.0 

-3.5 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  5 

0755 

0 

-1.5 

1  .0 

0.25 

0.25 

-1  .2 

July  9 

0910 

C 

-6.5 

10.6 

1  .0 

10.6 

+4.  1 

July  13 

0810 

C 

-7.0 

3.5 

1.0 

3.5 

-3.5 

July  17 

0845 

C 

-9.0 

8.5 

1  .0 

8.5 

-0.5 

July  21 

0940 

0 

-6.0 

9.9 

0.25 

2.5 

-3.5 

July  25 

1015 

H 

-11.5 

9.3 

0.75 

6.9 

-4.6 

July  29 

0650 

C 

-2.5 

+  0.3 

1  .0 

+  0.3 

-2.8 

Aug  2 

0650 

0 

-5.0 

+  0.3 

0.25 

+  0.3 

-5.1 

Aug  6 

1210 

C 

-16.0 

11.5 

1  .0 

11.5 

-4.5 

Aug  1  0 

0710 

0 

-5.5 

0.3 

0.25 

0.  1 

-5.4 

Aug  14 

0740 

0 

-5.5 

0.75 

0.25 

0.2 

-5.3 

Aug  18 

0700 

c 

-8.5 

0.0 

1  .0 

0.0 

-8.5 

Aug  22 

V i bur num 

1000 

edule 

PC 

-  Plot 

-7.5 

6 

9.5 

0.75 

7.  1 

-0.4 

May  22 

1000 

C 

-6.5 

9.5 

1  .0 

9.5 

+  3.0 

May  26 

0955 

c 

-1.0 

9.5 

1  .0 

9.5 

+  8 . 5 

May  30 

0835 

c 

-8.5 

6.0 

1  .0 

6.0 

-2.5 

June  3 

1205 

c 

-12.5 

11.5 

1.0 

11.5 

-1.0 

June  7 

0900 

c 

-9.5 

11.0 

1  .0 

11.0 

+  1.5 

June  1  1 

1205 

CL 

-15.0 

11.5 

0.5 

5.8 

-3.5 

June  15 

0820 

r 

w 

-13.0 

3.5 

1  .0 

3.5 

-9.5 

June  19 

0645 

CL 

-5.0 

+  0.3 

0.5 

+  0.1 

-5.1 

June  23 

0935 

PC 

-15.5 

10.3 

0.75 

7.7 

-7.8 

June  27 

0750 

CL 

-8.0 

0.8 

0.5 

0.4 

-7.6 

July  1 

0745 

0 

-2.0 

0.8 

0.25 

0.2 

-1.8 

July  5 

0815 

0 

-1.0 

3.5 

0.25 

0.9 

-0.  1 

July  9 

0910 

C 

-6.5 

10.6 

1.0 

106 

+4 .  1 

July  13 

0745 

C 

-7.0 

0.8 

1  .0 

0.8 

-6.2 

July  17 

0810 

C 

-7.0 

3.5 

1  .0 

3 . 5 

-3.5 

July  21 

0925 

CL 

-13.0 

10.3 

0.25 

2.6 

- 10.4 

July  25 

1035 

H 

-15.0 

9.0 

0.75 

6.8 

-8.2 

July  29 

0710 

C 

-2.5 

0.3 

1.0 

0.3 

-2.2 

Aug  2 

0705 

0 

-4.0 

0.0 

0.25 

0.0 

-4.0 

Aug  6 

1145 

CL 

-10.8 

10.7 

0.5 

5.4 

-5.1 

Aug  1  0 

0650 

H 

-3.0 

+  0.3 

0.75 

0.2 

-3.2 

Aug  1 4 

0805 

0 

-6.5 

1  .0 

0.25 

0.3 

-6.2 

Aug  1  8 

0710 

C 

-4.5 

0.3 

1  .0 

0.3 

-4.2 

Aug  22 

V i bur num 

1015 

edule 

PC 

-  Plot 

-12.0 

9 

9.3 

0.75 

6.9 

-5.1 

May  22 

1240 

PC 

-10.5 

14.3 

0.75 

10.7 

+  0.2 

May  26 

0740 

C 

-4.0 

4.5 

1.0 

4.5 

+  0 . 5 

May  30 

1130 

C 

-13.0 

14.8 

1.0 

14.8 

+  1  .8 

June  3 

0950 

C 

-17.0 

12.6 

1.0 

12.6 

-4.4 

June  7 

1300 

CL 

-16.5 

14.3 

0.5 

14.3 

-2.2 

June  1 1 

0905 

C 

-10.5 

11.5 

1  .0 

11.5 

+  1  .0 

June  15 

1050 

C 

-14.0 

14.5 

1  .0 

14.5 

+  0.5 

June  19 

1010 

C 

-13.5 

13.5 

1  .0 

13.5 

-0.0 

June  23 

0720 

S 

-11.0 

1.5 

0.75 

1  .  1 

-9.9 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

June  27 

0935 

CL 

-9.5 

12.3 

0.5 

6.  1 

-3.4 

July  1 

1000 

0 

-7.5 

13.0 

0.25 

3.3 

-4.2 

July  5 

1035 

0 

-4.5 

14.0 

0.25 

3.5 

-1.0 

July  9 

0630 

c 

-5.5 

+  3.0 

1  .0 

+  3.0 

-8.5 

July  13 

0915 

c 

-14.0 

11.9 

1  .0 

11.9 

-2.  1 

July  17 

1035 

c 

-13.5 

14.0 

1.0 

14.0 

+  0 . 5 

July  21 

0825 

0 

-3.5 

8.8 

0.25 

2.2 

-1.3 

July  25 

0750 

H 

-3.5 

4.5 

0.75 

3.4 

-0.  1 

July  29 

0845 

C 

-10.0 

10.1 

1.0 

10.1 

+  0 .  1 

Aug  2 

0905 

0 

-2.0 

11.5 

0.25 

2.9 

+  0.9 

Aug  6 

0900 

0 

-7.5 

11.5 

0.25 

2.9 

-4.6 

Aug  1  0 

0850 

0 

-8.0 

10.1 

0.25 

2.5 

-5.5 

Aug  14 

0900 

0 

-6.0 

11.5 

0.25 

2.9 

-3 .  1 

Aug  1 8 

0850 

c 

-7.0 

10.1 

1  .0 

10.1 

+  3.  1 

Aug  22 

V i bur num 

0800 

edule 

c 

-  Plot 

-1.5 

10 

6.0 

1  .0 

6.0 

+4 . 5 

May  22 

0815 

c 

-7.0 

1  .2 

1  .0 

1  .2 

-5.8 

May  26 

1115 

CL 

-7.0 

-7.8 

0.5 

3.9 

-3.  1 

May  30 

1230 

CL 

-11.0 

7.9 

0.5 

3.9 

-7  .  1 

June  3 

0810 

C 

-6.5 

1  .2 

1  .0 

1  .2 

-5.3 

June  7 

1120 

C 

-12.5 

7.8 

1  .0 

7.8 

-4.7 

June  1 1 

0815 

C 

-6.5 

1  .2 

1.0 

1  .2 

-5.3 

June  15 

1310 

C 

-13.5 

9.0 

1  .0 

9.0 

-4.5 

June  19 

1100 

C 

-9.5 

8.0 

1  .0 

8.0 

-1.5 

June  23 

1130 

C 

-10.5 

7.5 

1.0 

7.5 

-3 . 0 

June  27 

1045 

CL 

-9.5 

7.3 

0.5 

3.6 

-5.9 

July  1 

1050 

0 

-4.0 

7.3 

0.25 

1  .8 

-2.2 

July  5 

0640 

0 

-1.5 

0.2 

0.25 

0.  1 

-1.4 

July  9 

1  120 

C 

-13.0 

7.8 

1  .0 

7.8 

-5 . 2 

July  13 

1145 

PC 

-14.0 

7.3 

0.75 

5 . 4 

-8.6 

July  17 

1140 

c 

-10.0 

7.3 

1.0 

7 . 3 

-2 . 7 

July  21 

0710 

0 

-3.0 

0.1 

0.25 

0.0 

-3 . 0 

July  25 

0640 

H 

-2.5 

0.2 

0.75 

0.2 

-2 . 3 

July  29 

0940 

c 

-6.0 

4.6 

1  .0 

4.6 

-1.4 

Aug  2 

1015 

0 

-2.5 

5.8 

0.25 

1  .4 

-1.1 

Aug  6 

0750 

CL 

-4.5 

0.4 

0.5 

0.2 

-4.3 

Aug  1  0 

1025 

0 

-6.5 

6.5 

0.25 

1  . 6 

-4.9 

Aug  1 4 

0940 

0 

-5.0 

4.6 

0.25 

1  .  1 

-3.9 

Aug  1 8 

0930 

C 

-9.5 

4.  1 

1.0 

4.  1 

-5.4 

Aug  22 

V i bur num 

0740 

edule 

0 

-  Plot 

-2.0 

1 1 

0.4 

0.25 

0.  1 

-1.9 

June  1 1 

1300 

C 

-11.5 

8.8 

0.5 

4.4 

-7 .  1 

June  15 

0905 

C 

-12.5 

3.3 

1  .0 

3.3 

-9.2 

June  19 

0755 

CL 

-4.5 

0.5 

0.5 

0.3 

-4.2 

June  23 

0900 

PC 

-13.5 

3.3 

0.75 

2.4 

-11.1 

June  27 

1100 

CL 

-5.0 

8.0 

0.5 

4.0 

-1.0 

July  1 

0825 

0 

-4.0 

1  .9 

0.25 

0.5 

-3.5 

July  5 

0900 

0 

-3.5 

3.3 

0.25 

0.8 

-2 . 7 

h 
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Date 

T  ime 

A 

B 

C 

D 

E 

F 

July  9 

1050 

C 

-13.0 

7.3 

1  .0 

7.3 

-5.7 

July  13 

0840 

C 

-7.5 

2.6 

1  .0 

2.6 

-4.9 

July  17 

0925 

c 

-10.0 

4.  1 

1  .0 

4.  1 

-6.9 

July  21 

0905 

CL 

-7.0 

3.3 

0.5 

1  .6 

-5.4 

July  25 

0950 

c 

-9.5 

4.6 

1  .0 

4.6 

-4.9 

July  29 

0740 

c 

-3.0 

0.4 

1  .0 

0.4 

-2.6 

Aug  2 

0740 

0 

-2.0 

0.4 

0.25 

0.  1 

-1.9 

Aug  6 

1125 

c 

-7.0 

7.5 

0.5 

3.8 

-3.2 

Aug  1  0 

0740 

0 

-6.0 

0.4 

0.25 

0.  1 

-5.9 

Aug  1 4 

0835 

0 

-6.0 

1.9 

0.25 

0.5 

-5.5 

Aug  1 8 

0740 

c 

-8.0 

0.4 

1.0 

0.4 

-7.6 

Aug  22 

0935 

PC 

-8.0 

4.  1 

0.75 

3.  1 

-4.9 
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